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1 CXATTCCCAA hc^exM^tg hMIK^P*"" teeiaatttt eaagttecta 

SI gt»tc.«rto frtc.atgtt ».».*cg»Qi oeie»*«tta ttctuccc* 

loi gteiec*9C« atCAtvcetq c*tcicc»99 99S9«*9gtG •cut^ACCt 

191 «c««t9ec«« rtc»»«t«t« •«ttM«t«ft *ct««tMca yc*»i»ycc* 

301 «9c«cctecc cc*Ma9««« e«ttt«t««e mwIocamc t99eit««99 

.291 agtccctgct e*cttc»«99 9C«9t99Vtc tgnkCCtct UAcUtc* 

101 c»tc«9eg9 c»t«9*9«e«^ «A«9at«ctfl CMCttatU ctg co g e ag 

)S1 t9«kgt«gt« kcocAttuc vttcvgctcg gggacMsgt t«9«uuu 

«01 ecgnetgat tctfCACua ctgtatcot cttcccaec* tec*gt«»«e 

«Sl aqfttakcatc I99««7t9cc tcsgicgtgt Qctccttqms eaacttetkc 

»1 eccu«q»c» tc*«tgtCAa grgqasgAtt «at99C*9t« MOo*ca«u 

SSI tgfcqccng *ac*9tt99« eig»c«9at c«9ea«*«ac »gc*cct«c* 

BOi gcatgftgcag c*eccte»eg ttgaceaagg sogagtatga »cg*c*t««c 

«31 »gct«i«ccc gtgtggccftc tc«e*»g»c« tCMCttc»c eeattgtcu 

701 gagctteaac aggaatgkgi gtTACJiCACA JLACCtCCTCA CJiec CC ACCfc 

751 OCA6CTCCC* CCTCCATCCT ATCrTCCCTT CTAWCTCTT CCAC CC TTCC 

• 01 eCACXACCCC tTXCCACtCT WeCCTCCTC tXULCCTCCT C Ce *eCTCCT 

• SI TCTCCTCCTC CTCCCTTTCC TTCCCTTTT* TCaTCCTAXT ATTTCCJICJU 

• 01 AXTXTTCAAT AJOCTCACTC TlTC CC i m AMUXJUtAAA M* 

Fig.Uo) 



I rmrnvmr^f ^tt^xwth »eoTvi.tos» axxuskoc vthtcsuu 

SI VSngiWYOQK SCTEPXSHIT DTSKIAMVP AimtCSCCCT SYSLTZSGKt 

101 XCDAATYYCQ QWSSMPrrrC SCTKUXNIU DTAPTVSIFT rUEQlTSCC 

ISl ASWcrLXNr TPKDIWVITWX IDCSEHQMCV LKSVIDQOSX DSTTSMSSn, 

J 01 TLntD£¥I3U( WSYTCOHra T5TSPJ VKSr MBHIC' 

Fig. Kb) 
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Field of tha Invent'ton 

The present invention relates to humanised antibody motecijles. to processes for their production using 
recombinant DMA technotogy. and to their therapeutic uses. 

The term "humanised antibody molecule" in used to describe a molecule having an antigen binding site 
derived from an immunogtobufin from a non-human species, and remaining immunoglobulin-derived parte of 
the molecule being derived from a human immunogtoburm. The antigen binding site typically comprises 
complementarity determining regions (CDRs) which determine the birxJing specificity ot the antibody 
molecule and which are earned on appropriate framework regions in the variable domains. There are 3 
CDRs (CDRl , CDR2 and CDR3) in each of the heavy and Dght chain variable domains. 

In the description, reference is made to a number of publications by number. The pubftcattons are listed 
in numerical order at the end of the description. 

Background of the Invention 

Natural immunoglobulins have been known for many years, as have the various fragments thereof, such 
as the Fab. (Fab'fc and Fc fragments, which can be derived by enzymatic deavage. Nahira) im- 
munoglobuli^is comprise a generally Y-shaped molecule having an antigen-binding site towards the end of 
each upper arm. The remainder of the structure, and particulariy the stem of the Y. mediates the effector 
functions associated with immunoglobulins. 

Natural immunoglobulins have been used in assay, diagnosis and, to a more Pmited extent, therapy. 
However such uses, especially in therapy, were hindered until recently by the polyclonal nature of rwtural 
immunoglobulins. A significant step towards the realisaUon of the potenUaJ of immunoglobulins as therapeu- 
tic agents was the discovery of procedures tor the production of monoclonal antibodies (MAbs) of defined 

specificity (1 y , . 

However most MAbs are produced by hybridomas which are fusions of rodent spleen cells with rodent 
myeloma cells. They are therefore essenHally rodent proteins. There are very few reports of the production 

of human ^4Abs. . ^ j ^ 

Since most available MAbs are of rodent origin, they are naturally antigenic in humans arxJ thus can 
give rise to an undesirable immune response termed the MAMA (Human Anti-Mouse Antibody) response. 
Therefore the use of rodent MAbs as therapeutic agents in humans is inherently limited by the fact that the 
human subject will mount an immunological response to the MAb and wiP either remove it entirely or at 
least reduce its effectiveness, m practice, MAbs of rodent origin may not be used In patients for more than 
one or a few treatments as a HAMA response soon develops rendering the MAb ineffective as well as 
giving rise to undesirable reactions. For instance. 0KT3 a mouse lgQ2a* MAb which recognises an aihgen 
in the T^II receptor-CD3 complex has been approved for use In many countries througlVMit the worW as 
an immunosuppressant in the treatment of acute allograft rejection (Chatenoud rtal (2) and Jeffers crta! f >; 
] However, in view of the rodent nature ol this and other such MAbs, a signlfteant HAMA response which 
may include a major anti-idiotype component, may build up on use. Cleariy, h would be highly desirable to 
diminish or abolish this undesirable HAMA response and thus enlarge the areas of use of these very useful 

antibodies. ...... e ^ 

Proposals have therefor© been made to render non-human MAbs less antigeroc m hunr»ans. Such 
techniques can be generically termed -humanisation" techniques. These technkpos typically involve tf»e 
use of recombinant DNA technology to manipulate DNA sequences encoding the polypeptide chains of the 

antibody molecule. _ . ^ 

Early methods for humanising MAbs involved production of chimeric antibodies m which an antigen 
binding site comprising the complete variable domains of one antibody is Bnked to constant domairw 
derived from another antibody. Methods lor carrying out such chimerisafion procedures are '^^^ 
EP0120694 (Celltech Umited). EP0125023 (Genentech Inc. and (Sty of Hope). EP-A-0 171*96 i^- 
Corp Japan). EP-A-0 173 W (Stanford University), and WO 86/01533 (Celltech Umited). This latter 
Celltech application (WO 88/01533) discloses a process lor preparing an anUbody molecule h8^"0 
variable domains from a mouse MAb and the constant domains from a human immunoglobulin. Su^ 
humanized cNmeric antibodies, however. sBU contain a significant proportion d nofhhuman amino acid 
sequence, i.e. the complete non^iuman variable domains, and thus may stifl elidt some HAMA response, 
particularly if administered over a prolonged period [BegenI etal (ref. 4)J. 

In an alternative approach, described in EP.A-0239400 CWinter). the complementarity determining 
regions (CDRs) of a mouse MAb have been grafted onto the frameworic regions of the variable dorrwins of a 
human ImmunoglobuHn by site directed mutagenesis using long oGgonudeotides. The present Invention 
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relates to humanized antibody motecoJes prepared according to this ahernative approach. i.e. COfVorafted 
humanised antibody molecules. Such CDR-orafted humanized antibodies are much less likely to give rise to 
a HAMA response than humanised chimeric antibodies in view ol the much lower proportion ot noo-human 
amino acid sequence which they contain. 
5 The eartiest work on humanizing MAbs by COR-grafting was carried out on MAbs recognizing synthetic 
antigens, such as the NP or NIP antSgons. However, examples in which a mouse MAb recognizing iysozyme 
and a rat MAb recognising an antigen on human T-cells were humanised by CDIHrafting have been 
described by Vertweyen et al (5) and Riechmann el_a! <6) respectively. The preparation of CDR-grafted 
antibody to the antigen on h^an T cells is also described in WO 8a«7452 (Medical Research Council). 
10 In Riechmann et al/Medical Research Council it was found that transfer of the COR regions atone [as 
defined by Kabat rets. (7) and (8)1 was not sufficient to provide satisfactory antigen binding activity tn the 
CDR-gratted product Riechmann e^al found that rt was necessary to convert a serine reskJue at position 27 
of the human sequence to the corresponding rat phenylalanine reskJue to obtain a CDR-grafted product 
having improved antigen binding activity. This residue at position 27 of the heavy chain is within the 
structural toop adjacent to CDRl. A further construct which additionally contained a human serine to ral 
tyrosine change at position 30 of the heavy chain did not have a significantly altered binding activity over 
the humanised anf body with the serine to phenylalanine change at position 27 atone. These results indicate 
that changes to residues of the human sequence outside the CDR regions, in particular in the structural 
kx)p adjacent to CDRi, may be necessary to obtain effective antigen binding activity for CDR-grafted 
antibodies which recognise more complex antigens. Even so the binding affinity of the best CDR-grafted 
antibodies obtained was still significantly less than the original MAb. 

Very recently Queen et si (9) have described the preparation of a humanised antibody thai binds to the 
mterleukin 2 receptor. by~^bining the CDRs of a murine MAb (anti-Tac) with human Immunogtobulin 
framework and constant regions. The human framework regions were chosen to maximise homology witti 
the anti-Tac MAb sequence. In addition computer modelling was used to kJenttfy framework amino acid 
residues which wore likely to interact with the CDRs or antigen, and mouse amino acids were used at these 
positions in the humanised antibody. 

In WO 90/07861 Queen propose four criteria for designing humanised immunogtobulins. The tirsi 
criterion is to use as the human acceptor the frameworit from a particular human immunogtobulin that is 
unusually homologous to the norvhuman donor immunoglobuUn to be hunwnised. or to use a consensus 
framework from many human antibodies. The second criterion is to use the donor amino add rather than 
the acceptor If the human acceptor residue Is unusual and the donor reskJue is typical for human 
sequences at a spedfk; residue of the frameworit. The third criterion is to use the donor framewortc amino 
acid residue rather than the acceptor at positions Immediately adjacent to the CDRs. The fourth crrtenon Is 
to use the donor amino acid residue at framework positions at which the amino acid Is predicted to have a 
side chain atom within about 3 A of the CDRs in a three-dimenstonal Immunogtobufin model and to be 
capable of interacting with the antigen or with the CDRs of the humanised immunogtobulin. It is proposed 
that criteria two. three or tour may be applied In addition or alternatively to criterion one. and may be 
applied singly or in any combination. 

WO 901/07861 describes in detail the preparation of a single CDR-grafted humanised antibody, a 
humanised antibody having specificity for the p55 Tac protein ol the IL-2 receptor. The combination of all 
four criteria, as above, were emptoyed in designing this humanized antibody, the variable region frame- 
works ol the human antibody Eu (7) being used as acceptor. In the resultant humanised antibody the donor 
CDRs were as defined by Kabat et al (7 and 8) and in addition the mouse donor reskjues were used m 
place of the human acceptor resid^ at positions 27. 30. 48. 68. 87. 89. 91. 94. 103. 104. 105a;>dl07m 
the heavy chain and at positions 48. 60 and 63 In the light chain, of the variable region frameworks. The 
humanised anU-Tac antibody obtained is reported to have an affinity lor p55 ol 3 x 10» M*'. about ooe-third 

of that ol the murine MAb. ^ . ^ ^ 

We have further investigated the preparation of CDR^ralled humanised antibody molocules 
identified a hierarchy of positions within the framework of the variable regions (i.e. outside both the Kabat 
CDRs and structural toops of the variable regtons) at which the amino acid kJentitios of the residues are 
important tor obtaining CDRngrafled products with satisfactory binding affinity. This has "^^^ 
establish a protocol for obtaining satisfactory CDR-grafted products whteh may be applied very wWety 
irrespective of the level of homology between the donor ImmurtogtobuUn and acceptor framework. The set 
of residues whk* we have kJentified as being of critical Importance does not coincide with the residues 
identified by Queen etal (9). 
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Summary of the Invention 

Accofdingly. in a first aspect the invention provides a CDR-grafted antibody heavy chain having a 

variable region domain comprising acceptor framework and donor antigen binding reglor« wherein the 
6 framework comprises donor residues at at least one oi positions 6. 23 and/or 24, 48 and/or 49. 71 and/or 

73, 75 and/Of 76 and/or 78 and 88 and/or 91 . 

In preferred embodiments, the heavy chain frarnowork comprises dooor residues at positiorw 23. 24, 48. 

71. 73 and 78 or at positions 23. 24 and 49. The residues at positions 71. 73 and 78 of the heavy chain 

framework are preferably either alt acceptor or aH donor residues. 
10 In particulafty preferred embodimerrts the heavy chain framework addilionaity comprises dooor residues 

at one. some or all ol positions 6. 37. 48 afwl 94. Also it is parlicuiarty preferred that residues at positions ol 

the heavy chain framework which are commonly conserved across species, i.e. positiorw 2. 4. 25, 36. 39. 

47. 93. 103. 104. 106 and 107. if not conserved between donor and acceptor, additionally comprise dooor 

residues. Most preferably the heavy chain framework additionally comprises dooor residues at positions 2. 
15 4. 6, 25. 36. 37. 39. 47, 48. 93, 94, 103. 104. 106 and 107. 

In addition the heavy chain framework optionally comprises dooor residues at one. some or all ol 

positions: 

1 and 3. 

72 and 78. 

20 69 (if 48 Is different between donor and acceptor). 
38 and 46 (if 46 is the donor residue). 
80 and 20 (H 69 is the donor residue). 
67. 

82 and 18 Of 67 is the donor residue), 
25 91. 
88. and 

any one or more of 9. 11. 41. 87. 108. 110 and 112. 

In the first and other aspects of the present invention reference Is made to CDR-gratted antibody 
products comprising acceptor framework and donor antigen binding regions. It wtil be appreciated that the 
30 invention is widely applicable to the CDR-grafting of antibodies in general. Thus, the donor and acceptor 
antibodies may be derived from animals of the same species and even same antibody dass or subclass. 
More usually, however, the donor and acceptor antibodies are derived from animals of different species. 
Typically the donor antibody is a noo-human antibody, such as a rodent MAb. and the acceptor antibody is 
a human antibody. 

36 In the first and other aspects of the present invention, the dooor antigen binding region typically 
comprises at least one CDR from the dooor antibody. Usually the dooor antigen binding region comprises 
at least two and preferably all three CDRs of each of the heavy chain and/or UgM chain variable regions. 
The CDRs may comprise the Kabat CDRs. the structural toop CDRs or a composite of the Kabat and 
structural toop CDRs and any combination of any of these. Preferably, the antigen binding regions of the 

40 CDR-grafted heavy chain variable donwin comprise CDRs corresponding to the Kabat CDRs at CDR2 
{residues 50-65) and CDR3 (residues 95-100) and a composite of the Kabat and structural toop CDRs at 
CDR1 (residues 26-35). 

The residue designations giveo above and elsewhere in the present appOcatioo are numbered accord- 
ing to the Kabat numbering Irefs. (7) and (8)]. Thus the residue designations do no* always correspond 

45 directly with the tiriear numbering ol the amino acid residues. The actual linear amino acid sequence may 
contain fewer or additional amino acids than in the strict Kabat numbering correspootfng to a shortening of. 
or insertion into, a structural component, whether franwwork or CDR. of the basic variable domain structure. 
For example, the heavy chain variabte region of the anti-Tac antibody described by Queen et_al (?) contains 
a single amino acid insert (residue 52a) after residue 52 of CDR2 and a three amino acid insert (residues 

50 82a. 82b and 82c) after frameworii residue 82. in the Kabat numbering. The correct Kabat numbering of 
residues may be determined for a given antibody by aUgnment at regions of homotogy of the sequence of 
the antitxxly with a "standard" Kabat nunnbered sequence. 

The invention also provides In a second aspect a CDftflraftod antibody Bght chain having a variable 
region domain comprising acceptor framewortt and donor antigen binding regions wherein the framewortt 

$5 comprises donor residues at at least ooe of positions 1 and/or 3 and 46 and/or 47. Preferably the COR 
grafted light chain of the second aspect comprises donor resWues at positions 46 and/or 47. 

The invention also provides In a third aspect a CDR^jrafted antibody Bght chain having a variable region 
domain comprising acceptor frameworic and dooor antigen binding regions wherein the framework com- 
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prises donor residues at a! least one of positions 48. 48. 58 and 71. 

tn a preferred embodiment of the third aspect, the framewoA comprises donor residues al all of 
positions 46. 48, 58 and 71. 

In particularly preferred embodiments of the second and third aspects, the framework additionally 
comprises donor residues at positions 36. 44. 47. 85 and 87. Similaify positions of the Dght chain framework 
which are commonly conserved across species. I.e. positions 2. 4. 6. 35. 49. 62. 64-69. 98. 99. 101 and 
102. if not conserved between donor and acceptor, additionally comprise donor residues. Most preferably 
the liQht chain framework additionally comprises donor residues at positions 2, 4. 6. 35. 38. 38, 44. 47. 48. 
62, 64-69. 85, 87. 98. 99. 101 and 102. 

In addition the framework of the second or third aspects optionally comprises donor residues at one. 

some or all of positions: 

1 and 3, 

63. 

60 (if 60 and 54 are able to form at potential saltbfidge), 
70 (if 70 and 24 are able to form a potential saltbridge). 
73 and 21 (if 47 is ditterent between donor and acceptor), 
37 and 45 (if 47 is different between donor and acceptor), 
and 

anyoneormoreoMO, 12.40. 80. 103 and 105. 

Preferably, the antigen binding regions of the CDfHrafted light chain variable domain comprise CDRs 
corresponding to the Kabat CDRs at CDR1 (residue 24-34). CDR2 (reskJues 50-56) and CDRS (residues 89- 
97) 

The invention further provides in a fourth aspect a CDR-grafted antibody molecuJe comprising at least 
one CDR^rafted heavy chain and at least one CDR-flrafted light chain according to the first and second or 
first and third aspects of the invention. 

The humanised antibody molecules and chains of the present Invention may comprise: a complete 
antibody molecule, having full length heavy and light chains: a fragment thereof, such as a Fab. {Fab')2 or 
FV fragment: a light chain or heavy chain monomer or dimen or a single chain antibody, e.g. a single chain 
FV in which heavy and light chain variable regions are joined by a peptkle linker; or any other CDR-grafled 
molecule with the same specificity as the original donor antibody. Similarty the CDR^afted heavy and light 
chain variable region may be combined with other antibody domains as appropriate. 

Also the heavy or light chains or humanised antibody molecutes of the present invention may have 
attached to them an effector or reporter molecule. For Instance. H may have a macrocycte. for chelatinga 
heavy metal atom, or a toxin, such as ricin. attached to H by a covalent brkJging structure. Alternatively^tt« 
procedures of recombinant DNA technology may be used to produce an immunogtobulin molecute In wtich 
the Fc fragment or CH3 domain of a complete immunoglobulin molecule has been replaced by. or has 
attached thereto by peptide linkage, a functional non-immunogtobulin protein, such as an enzyme or toxin 

""^'^T appropriate acceptor variable region framework sequences may be used having reoard to 
classAype of the donor antibody from whfch the antigen binding regions are derived. Preferably. 
acceptor framework used is of the same/simitar classAype as the donor antibody. Convement^r the 
framework may be chosen to maximise/optimise homology with the donor anUbody sequence particularty at 
positions close or adiacent to the CDRs. However, a high level of honrwiogy between donor andaroeptor 
sequences is not Important for application of the present invention. The present inverttioo wenbftes a 
hierarchy of framework residue positions at which donor reskJues may be important *^^J™ 
obtaining a CDR-orafted antibody product having satisfactory binding properties. The CDR^rafted produrts 
usually have binding affinities of at least 10? M-'. preferably at least about 10^ Mr\ or especianyin the 
range 10»-10'2 M"'. ki principle, the present invention is applicable to any combination of donor and 
acceptor antibodies irrespective of the level of homology between their sequences. A protocol for applying 
the invention to any particular donor-acceptor antibody pair is given hereinafter. Examptes of human 
frameworics which may be used are KOL, NEWM, REI. EU. LAY and POM (refs. 4 and 5) jnd the hkejor 
instance KOL and NEWM lor the heavy chain and REI tor the Bght chain end EU. LAY and POM for both 
the heavy chain and the Pght chain. 

Also the constant region domains of the products of the bwentton may be selected having regard to tt» 
proposed hjnction ol the antibody In paittoutar the effector functtons whteh may be required. For example, 
the constant region domains may be human IgA. IgE, IgG or IgM domains. In particular. IgG human 
constant region domains may be used, especially of the IgGi end lgG3 isotypes. when the [wmar^sed 
antibody molecule Is intended for therapeutic uses, and antibody effector functtons are required. Alter- 
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natively. lgG2 and lgG4 isotypes may be used when the humanised antibody molecule is intended for 
therapeutic purposes and antibody effector furxdions are not reQuSr«l. «-0' ^ simpte btoddng of tym- 
phokine activity. 

However, the remainder of the antibody moteoites need rKit comprise only protein sequences from 
6 immurKjglobuIins. For instance, a gene may be constructed in which a DMA sequence encoding part of a 
human immunoglobulin chain is fused to a DMA sequence encoding the amino add sequence ol a 
fur»ctionaI polypeptide such as an effector or reporter molecule. 

Preferably the CDR-grafled antibody heavy and light chain and antibody molecule products are 
produced by recombinant DNA technology. 
10 Thus in further aspects the invention also includes DNA sequences coding for the CDR-graftod heavy 
and light chains, cloning and expression vectors containing the DNA sequences, host ceils transformed with 
the DNA sequences and processes for producing the CDR-graftad chains and antibody motecules 
comprising expressing the DNA sequences in the transformed host cells. 

The general methods by which the vectors may be constructed, transfection methods and culture 
75 methods are well known per se and form no part of the invention. Such methods are shown, for tnstarKe, in 
references 10 and 11. 

The DNA sequences which encode the donor amino acid sequence may be obtained by methods wen 
known in the art. For example the donor coding sequences may be obtained by genomic doning. or cDNA 
ctoning from suitable hybridoma cell lines. Positive ckxies may be screened using appropriate probes for 

X the heavy and light chain genes in question. Also PGR ctoning may be used. 

DNA coding for acceptor. e,g. human acceptor, sequences may be obtained in any appropriate way. 
For example DNA sequences coding lor preferred human acceptor frameworks such as KOL. REl. EU and 
NEWM. are widely available to workers in the art. 

The standard techniques of molecular biology may be used to prepare DNA sequences coding tor the 

rs CDR-grafted products. Desired DNA sequences may be synthesised completely or in part using 
oligonucleotide synthesis techniques. Site-directed mutagenesis and polymerase chain reaction (PCR) 
techniques may be used as appropriate. For example oligonucleotide directed synthesis as described by 
Jones e^ <ref. 20) may be used. Also oligonucleotide directed mutagenesis of a prMxising variable 
region as. for example, described by Vert>oeyen et_al {rel. 5) or Riechmann eiai (ref. 6) may be used. Also 

30 enzymatic filling in of gapped oligonucleotides using T* DNA polymerase as. for example, described by 
Queen et al <ref. 0) may be used. 

Any suitable host celt/vector system may be used for expression of the DNA sequences coding lor the 
CDR-grafted heavy and light chains. Bacterial e.g. E. coll . and other microbial systems may be used. In 
particular for expression of antibody fragments such as FAb and (Fab> fragments, and especially FV 

36 fragments and single chain antibody fragments e.g. single chain FVs. Eucaryotic e.g. mammalian host coll 
expression systems may be used for production of larger CDR-grafted antibody products. Including 
complete antibody molecules. Suitable mammalian host cells Include CHO cells and myeloma or hybridoma 
cell lines. 

Thus, in a further aspect the present invention provides a process for producing a CDR-grafted antibody 
40 product comprising: 

(a) producing in an expression vector an operon having a DNA sequence which encodes an antibody 
heavy chain according to the first aspect of the invention; 

and/or 

(b) producing in an expression vector an operon having a DNA sequence which encodes a comptemen- 
<5 tary antibody light chain according to the second or third aspect o* the invention: 

(c) translecting a host cell with the or each vector; and 

(d) culturing the transfected cell Une to produce the CDR-grafted antibody product 

The CDR-grafled product may comprise only heavy or light chain derwed polypeptide, in which case 
only a heavy chain or Bght chain polypeptide coding sequence is used to transfect the host cells. 

so For production ol products comprising both heavy and Bght chains, the cefl line may be transfected with two 
vectors, the first vector may contain an operon encoding a light chairvderived polypeptide and the second 
vector containing an operon encoding a heavy chain-derived polypeptide. Preferably, the vectors are 
klenticat. except in so far as the coding sequences and selectable markers are concerT»ed, so as to ensure 
as tar as possible that each polypeptide chain is equally expressed. Altemadvety. a single vector may be 

56 used, the vector Including the sequences encoding both Bght chain- and heavy chain-derived polypeptides. 
The DNA in the coding sequences for the Bght and heavy chains may comprise cDNA or genomic DNA 
or both. However, it is preferred that the DNA sequence encoding the heavy or Bght chain comprises at 
least partially, genomic DNA, preferably a fusion of cDNA and genomic DNA. 
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The pressnt invention is applicable to antibodies o( any appropriate specificity. AdvantaQeousiy, 
however, the Invontior may be appKed to the humanisation o< non-human antibodies which are used tor in 
vivo therapy or diagnosis. Thus the antibodies may be srte-spedfic antibodies such as tumour-specific or 
ceiT surface-specific antibodies, suitable for use In in vivo therapy or diagnosis. e-Q. tufftour bnaging. 
Examples of cell surface-specific antibodies are anti-T cell antibodies, soch as anti-CD3. and CD4 and 
adhesion molecules, such as CR3. ICAM and ELMA. The antibodies may have specificity for irterteukins 
(including lymphokines. growth factors and stimulating factors), hormones and other biologicaify active 
compounds, and receptors for any of these. For example, the antibodies may have specifidty for any of the 
followtng: Interferons a. tf. t or «. ill. IL2. IL3. or IL4. etc.. TNF, GCSF. GMCSF. EPO, hGH. or insulin, etc. 

The the present invention also includes therapeutic and diagnostic compositions comprising the COR- 
grafted products of the invention and uses of such compositions in therapy and diagnosis. 

Accordingly in a further aspect the invention provides a therapeutic or diagnostic composition compris- 
ing a CDR-gratted antibody heavy or light chain or molecule according to previous aspects o* the invention 
in combination with a pharmaceutical ty acceptable carrier, diluent or exdptent 

Accordingly also the invention provides a method of therapy or diagnosis comprising administering an 
effective amount of a CDR-grafted antibody heavy or light chain or molecule according to previous aspects 
of the invention to a human or animal subject. 

A preferred protocol for obtaining CDR-grafted antibody heavy and light chains in accordarwe with the 
present invention is set out below together with the rationale by which we have derived this protocol. This 
protocol and rationale are given without prejudice to the generality of the Invention as hereinbefore 
described and defined. 

Protocol 

H is first of all necessary to sequence the DNA coding for the heavy and light chain variable regions of 
the donor antibody, to determine their amino acid sequences. It is also necessary to choose appropriate 
acceptor heavy and light chain variable regions, of known amino acid sequence. The CDR-grafted chain is 
then designed starting from the basis of the acceptor sequence. H will be appreciated that in some cases 
the donor and acceptor amino acid residues may be identical at a particular position and thus no change ol 
acceptor fran^eworlc residue is required. 

1. As a first step donor residues are substituted for acceptor residues in the CDRs. For this purpose the 
CDRs are preferably defined as follows: 

Heavy chain • CDR1: residues 25-35 

- CDR2: residues 50-65 

- CDR3: residues 95-102 
Ught chain - CDRl: residues 24-34 

- CDR2: residues 50-56 

- CDRS: residues 89-97 

The positions at which donor residues are to be substitoted for acceptor In the frameworic are then 
chosen as follows, first of all with respect to the heavy chain and subsequentiy with respect to the light 

chain. 

2. Heavy Chain 

2.1 Choose donor residues at all of positions 23. 24. 49. 71 . 73 and 78 of the heavy chain or an ol 
positions 23. 24 and 49 (71 , 73 and 78 are always either all dofwr or all acceptor). 

2.2 Check that the following have the same amino acid in dorwr and acceptor sequences, and if not 
preferably choose the donor: 2. 4. 6. 25. 36, 37. 39. 47. 48. 93. 94. 103. 104. 106 and 107. 

2.3 To further optimise affinity consider choosing donor residues at or>e. some or any 

i. 1.3 

ii. 72. 76 

iii. If 48 is different between donor and acceptor sequences, consider 69 

iv. If at 48 the donor residue is chosen, consider 38 and 46 

v. H at 69 the donor residue is chosen, consider 80 and then 20 

vi. 67 

vii. II at 67 the donor residue Is chosen, consider 82 and then 16 

viii. 91 
tx. 88 

X. 9. 11.41.87. 108. 110, 112 

3. Liflht Chain 
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3.1 Choose donor at 46. 48. 58 and 71 

32 Check that the toHowing have the same amino acW in donor and acceptor sequences, fl 
preferably choose donor 

2. 4, 6, 35, 38, 44. 47. 48. 62. 64-69 inclusive, 85, 87. 98. 99, 101 and 102 

To further optimise affinity consider choosing donor residues at one. some or any of: 

i. 1,3 

ii. 63 

iii. 60. if 60 and &4 are able to form potential saHbridge 

iv. 70, if 70 and 24 are able to form potential sattbrxJge 

V. 73. and 21 if 47 is different between donor and acceptor 

vi. 37, and 45 if 47 is differerrt t>etween donor and acceptor 

vii. 10. 12. 40. 80. 103. 105 



Rationale 



In order to transfer the binding site of an antibody into a different acceptor framework, a number of 
factors need to be considered. 

l. The extent of the CDRs M^^^*^^ 
The CDRs (Complementary Determining Regions) were defined by Wu and Kabat (refs. 4 and 5) on the 
basis of an analysis of the variability of different regions of antibody variable regions. TTiree regions per 
domain were recognised. In the light chain the sequences are 24-34, 50-56, 89-97 (""^^"O^*;;^ 
to Kabat (ret. 4). Eu Index) inclusive and in the heavy chain the sequences are 31-35. 50-65 and 95-102 

When antibody structures became available It became apparent that these CDR regions cor- 
responded in the main to loop regions which extended from the 0 barrel framework ^O^^ ^ 
heavy variable domains. For HI there was a discrepancy in that the loop was from 26 to 32 and 
for H2 the loop was 52 to 56 and for L2 from 50 to 53. However, with the exception of HI the CDR 
regions encompassed the loop regtons and extended into the fi strand frameworks In HI r^ 26 
tends to be a serine and 27 a phenylalanine or tyrosine, residue 29 « P^^V^^ h!!^!^' 
Residues 28 and 30 which are surface residues exposed to solvent might be involved in anbgen-Wndrng. 
A prudent definition of the Hi CDR therefore would include residues 26-35 to include both the k)op 
regiofi and the hypervariable residues 33-35. ,^ « ^k^/.« 

It is of interest to note the example of Riechmann etjl (ref. 3). who used the resklue 31-»cfvwce 
for CDR-HI. In order to produce efficient antigen binding, residue 27 also needed to be recruited from 
the donor (rat) antibody. 

2 Non-CDR resi dues which contribute to antigen binding 

By examination of available X-ray stmctures we have identified a number of residues wWch may have an 
effect on net antigen binding and which can be demonstrated by experiment These residues can be 
sub-divided into a number of groups. 

2 1 Surface residues near CDR [ait numbering as in Kabat et^ (ref. 7)1. ^ ^ 

2 11 Heavy Chain - Key residues are 23. 71 and 73. Other residues wWch may contnbute to a 
lesser extent are 1. 3 and 76. Finally 25 is usually conserved but the murine residue shoukl be 
used if there is a differer«:e. ^ ... 

2.1 2 Ughl Chain - Many residues ctose to the CDRs, e.g- 63. 65. 87 and 69 are cwiservedJI 
conserved none of the surface reskJues in the light chain are likely to have amaK)r effect 
However, rf the murine resWue at these positions is unusual, then it wouW be o< benefit to aralyse 
the likely contribution more ctosely. Other residues whk^h may also contribute to ^ ^ 

3. and also 60 and 70 H the residues at these positions and el 54 and 24 respectively are 
potentially able to lorm a salt bridge i.e. 60 + 54; 70 ♦ 24. 
22 Packing residues near the CDRs. ^ ^ u ^ ^ 

221 Heavy Chain - Key residues are 24. 49 and 78. Other key resrtJues wouW be 36 rf not a 
tryptophan. 94 H not an arginine. 104 and 106 il not glycines and 107 H not a threonine. Resi**^ 
whfeh may make a further contributkxi to stable packing ol the heavy chain and hence bnpiwed 
affinity are 2. 4. 6. 3a 46. 67 and 69. 67 packs against the CDR residue 63 and this pair oouW be 
either both mouse or both human. Finally, residues wWch contribute to pacWng in this region b^ 
from a longer range are 18. 20. 80. 82 and 86. 82 packs against 67 and h turn lep^^fif "J^ 
82 80 packs against 69 and in turn 20 packs against 80. 86 forms an H bond network with 38 and 
46 Many of the mouse-human differences appear nfilnor e.g. Leo-lie. but couW have an minor 
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impact on correct packing which could translate into attered positioning d tt*e CDFte. 
2J2.2. Light Chain - Key residues are 48. 58 and 71. Other key residues wouW be 6 H not 
glutamine, 35 H not tryptophan. 62 H not phenylalanine or tryosine. 64, 66. 68, 99 and 101 H no« 
glycines and 102 it not a threonine. Residues which make a further contributioo are 2. 4. 37, 45 
and 47. Finally residues 73 and 21 and 19 may make tong distance packing contributions of a 
minor nature. 

2.3. Residues at the variaWe domain interface between heavy and Bght chains • In both the light ar>d 
heavy chains most of the non-CDR interface reisidues are conserved, tf a conserved residue Is 
repteced by a residue of diHerent character, e.g. size or charge, it shouW be consideiBd for reitention 
as the murine residue. 

2.3.1 . Heavy Chain - Residues which need to be considered are 37 H the residue is not a vaBrte but 
is of larger side chain volume or has a charge or polarity. Other residues are 39 it no« a glutamine. 
45 if not a leucine. 47 if not a tryptophan. 01 if not a phenylalanine or tyrosine. 93 if not an alanine 
and 103 if not a tryptophan. Residue 89 is also at the interface but is not in a positioo where the 
side chain coukl be of great impact 

2.3.2. Light Chain - Residues which need to be considered are 38, if not a tyrosine. 36 H not a 
glutamine. 44 if not a proline. 46. 49 if not a tyrosine, residue 85. residue 87 H not a tyrosine and 
98 if not a phenylalanine. 

2.4. Variable-Constant region interface - The elbow angle between variable and constant regions may 
be affected by alterations in packing of key residues in the variable region against the constant region 
which may affect the position of Vt and Vh with respect to one another. Therefore It Is worth noting 
the residues likely to be in contact with the constant region. In the heavy chain the surface residues 
potentially in contact with the variable region are consented between mouse and human antibodies 
therefore the variable region contact residues may influence the V-C Interaction, In the Ught chain the 
amino acids found at a number of the constant region contact points vary, and the V & C regions are 
not in such close proximity as the heavy chain. Therefore the influences of the light chain V-C 
interface may be minor 

2.4.1. Heavy Chain • Contact residues are 7, 11, 41. 87, 108. 110. 112. 

2.4.2. Ught Chain - In the light chain potentially contacting residues are 10, 12, 40, 80, 83. 103 and 
105. 

The above analysis coupled with our considerable practical experimental experience In the CDR- 
grafting of a number of different antibodies have lead us to the protocol given above. 

The present inventtoo is now described, by way of example only, with reference to the accompanying 
Figures 1-13. 



Brief Description of the Figures 

Figure 1 shows DNA and amino acid sequences of the 0KT3 light chain; 
Figure 2 shows DNA and amino acid sequences of the 0KT3 heavy chain; 

Figure 3 shows the alignment of the 0KT3 light variable region amino acid sequence with that of the 
light variable region of the human antibody REI; 

Figure 4 shows the alignment of the 0KT3 heavy variable region amino add sequence with that of 
the heavy variatite region of the human antibody KOL; 

Figures shows the heavy variable region amino acid sequences orf 0KT3. KOL and various 
corresponding CDR grafts: 

Figure 6 shows the Dght variable region amino add sequences of 0KT3, RB and various cor- 
responding CDR grafts; 

Figure 7 shows a graph of binding assay results for various grafted 0KT3 antibodies' 

Figure 8 shows a graph of blocking assay results for various grafted 0KT3 antibodies: 

Rgure 9 shows a similar graph of blocking assay results: 

Figure 10 shows simitar graphs for both binding assay and blocking assay results: 

Figure 1 1 shows hirther similar graphs for both binding assay and bk)cking assay results; 

Figure 12 shows a graph of competition assay results for a minimally grafted 0KT3 8nt«)ody 
compared with the 0KT3 murine reference standard, and 

Figure 13 shows a similar graph of competition assay results comparing • fully gralted OKT3 
antibody with the murine reference standard. 
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DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 
EXAMPl£ 1 

CDR-GRAFTING OF 0KT3 
MATERIAL AND METHODS 

1. INCOMING CELLS 

HybrkJoma cells producing antibody 0KT3 were provided by Ortw (soedtot 4882.1) and were grown up 
in antibioUc free Dulbecco's ModiHed Eagles Medium (DMEM) supplemented with gUrtamirw and 5% 
foetal catf serum, and divided to provide both an overgrown supernatant for evaluation and cells tor 
extraction of RNA. The overgrown supernatant was shown to contain 250 ug/tnL murine lgG2a*appa 
antibody. The supernatant was negative for murine lambda ligM chain and IgQl. lgG2b. lgG3. IgA and 
IgM heavy chain. 20mL of supernatant was assayed to confirm that the antibody present was 0KT3. 

2. MOLECULAR BIOLOGY PROCEDURES 

Basic molecular biology procedures were as described in Maniatis et_al (rel. 9) with, in some cases, 
minor modificaUons. DNA sequencing was performed as described in Sanger et al (ref. 11) and the 
Amersham International Pte sequencing handbook. Site directed mutagenesis was as described in 
Kramer e^al (ret. 12) and the Anglian Biotechnology Ud. handbook. COS cell expression and metabolic 
labelling studies were as described in Whittle etal (ret. 13) 

3. RESEARCH ASSAYS 

3.1. ASSEMBLY ASSAYS Assembly assays were performed on supematants from transtected COS 
cells to determine the amount of intact IgG present 

3.1.1. COS CEaS TRANSFECTED WITH MOUSE 0KT3 GENES The assembly assay for intact 
mouse IgG in COS cell supematants was an EUSA with the following format 

96 well microtitre plates were coated with F(ab')2 goat anti-mouse IgG Fc. The plates were washed 
in water and samples added for 1 hour at room temperature. The plates were washed and F(ab')2 
goat anti-mouse IgG F(ab-)2 (HRPO conjugated) was then added. Substrate was added to reveal 
the reaction. UPCIO. a mouse lQG2a myeloma, was used as a standard. 

3.1.2. COS AND CHO CEUS TRANSFECTED WITH CHIMERIC OR CDR-GRAFTED 0KT3 
GENES 

The assembly assay lor chimeric or CDR-grafted antibody in COS cell supematants was an EUSA 
with the following format: 

86 well microtitre plates were coaled with F(3b')2 goat anti-human IgQ Fc. The plates were 
washed and samples added and Incubated tor 1 hour at room temperature. The plates were 
washed and monoclonal mouse anti-human kappa chain was added for 1 hour at room tempera- 
ture. ^ ... 
The plates were washed and F(ab')2 goat anti-mouse IgQ Fc (HRPO conjugated) was added. 
Enzyme substrate was added to reveal the reaction. Chimerk: 872.3 (lgG4) (rel. 13) was used as a 
standard. The use of a monoctonal anti-kappa chain in this assay allows grafted antibodies to be 
read from the chimeric startdard. 
3^. ASSAY FOR ANTIGEN BINDING ACTIVITY 

Material from COS cell supematants was assayed for 0KT3 antigen binding activity onto CD3 positive 
cells in a direct assay. The procedure was as fottows: 

HUT 78 cells (human T cell fine. CD3 positive) were maintained in culture. Monolayers of HUT 78 
cells were prepared onto 96 well EUSA plates using poly-L-lysine and glutaraWehyde. Samples were 
added to the monolayers for 1 hour at room temperature. 

The plates were washed gently using PBS. F(ab^2 goat anti-human IgG Fc (HRPO corrugated) or F- 
(ab')2 goat anti-mouse IgG Fc (HRPO conjugated) was added as appropriate for humanised or mouse 
samples. Substrate was added to reveal the reaction. 

The negative control for the cell-based assay was chimeric B72.3. The positive control was mouse 
Orlhomune 0KT3 or cWmeric 0KT3, when available. This cell-based assay was diffkam to perform, 
and an alternative assay was developed for CDR-gratled 0KT3 which was more sensithw and easier 
to carry out 

tn this system CDR-grafted 0KT3 produced by COS ceHs was tested for its ability to bind to the CD3- 
positive HPS-ALL (human peripheral blood acute lymphocytic leukemia) cell Hne. It was also tested for 
its ability to block the binding of murine 0KT3 to these cells. Binding was measured by the following 
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procedure: HPB-ALL cells were harvested from tissue culturo. Cells were incubated at 4*^ for 1 hour 
with various dilutions of test antibody, positive control antibody, or negative oontrof antibody. The cells 
were washed once and incubated at A'X; for 1 hour with an FITC-labelled Qoat antHwman IgG (Fc- 
specific, mouse absorbed). The cells were washed twice and analysed by cytofluorography. Chimeric 
0KT3 was used as a positive control for direct binding. Ceils incubated with mock- transfected COS 
cell supernatant, followed by the RTC-labelled qcoA anti-human IgG. provided the negative control. To 
test the ability of COR-grafled OKT3 to block murine 0KT3 binding, the HPB-ALL ceOs were 
incubated at 4'>C for 1 hour with various dilutions of test antibody or contro* antibody. A fixed 
saturating amount of FITC 0KT3 was added. The samples were incubated for 1 hour at 4X, vrashed 
lwk» and analysed by cytofluorography. FtTC-tebelled 0KT3 was used as a positive control to 
determine maximum binding. Unlabellad murine 0KT3 sensed as a reference standard for bkicking. 
Negative controls were unstained cells with or without mock-lransfected cell supernatant. The ability of 
the CDR-grafted 0KT3 light chain to bind CD3-positive cells and block the binding of murine 0KT3 
was initially tested in combination with the chimeric 0KT3 heavy chain. The chimeric OICTS heavy 
chain is composed of the murine 0KT3 variable region and the human lgG4 constant region. The 
chimeric heavy chain gene is expressed in the same expression vector used for the CDR-grafted 
genes. The CDR-grafted light chain expression vector and the chimeric heavy chain expression vector 
were co-transfected into COS cells. The fully chimeric 0KT3 antibody (chimeric light chain and 
chimeric heavy chain) was found to be hilly capable of binding to CD3 positive cells and btocking the 
binding of murine 0KT3 to these cells. 
3.3 DETERMINATION OF RELATIVE BINDING AFFINITY 

The relative binding affinities of CDR-grafted anti-CD3 monoclonal antibodies were determined by 
competition binding (ref. 6) using the HPB-ALL human T cell Bne as a source of CDS antigen, and 
fluorescein-conjugated murine 0KT3 (FK)KT3) of known binding affinity as a tracer antibody. The 
binding affinity of F1-0KT3 tracer antibody was determined by a direct binding assay in which 
increasing amounts of R-0KT3 were incubated with HPB-ALL (5x1 CP) in PBS with 5% foetal caH 
serum for 60 min. at 4'^;. Cells were washed, and the fluorescence intensity was determined on a 
FACScan ftow cytometer calibrated with quantitative microbead standards (Fkw Cytometry Standards. 
Research Triangle Park, NC). Fluorescence intensity per antibody molecule (F/P ratio) was deter- 
mined by using microbeads which have a predetermined number of mouse IgG antibody binding sHes 
(Simply Cellular beads. Ftow Cytometry Standards). F/P equals the fluorescence intensity of beads 
saturated with FW0KT3 divided by the number of binding sites per bead. The amount of bound and 
free Ft-0KT3 was cateulated from the mean fluorescence Intensity per cell, and the ratio of bound4ree 
was ptotted against the number of moles of antibody bound. A Onear fit was used to determine the 
affinity of binding (at>solute value of the stope). 

For competitive binding. Increasing amounts of competitor antibody were added to a sub-saturating 
dose of FI-0KT3 and incubated wHh 5x10?* HPB-ALL In 200 ml of PBS with 5% foetal caH serum, tor 
60 min at A'*C. The fluorescence intensities of the cells were measured on a FACScan ftow cytometer 
calibrated with quantitative microbead standards. The concentrations of bound and free n-0KT3 were 
calculated. The affinities of competing anti-bodies were catoulated from the equation p(H0KT3J = 
(l/Kx) - (1/Ka). where Ka is the affinity of murine 0KT3, Kx is the affinity of competitor X. ( 1 is the 
concentration of competitor antibody at which bourxMree binding is R/2. and R Is the maximal 
bound/free binding. 

4. cDNA LIBRARY CONSTRUCTION 

4.1. mRNA PREPARATION AND cDNA SYNTHESIS 

0KT3 producing cells were grown as described above and 1^ x 10* cells harvested and mRNA 
extracted using the guanidiniumAJQ extraction procedure. cONA was prepared by priming from OBgo- 
dT to generate fuU length cDNA. The cDNA was methylated and EcoRI linkers added for ckjning. 
42. LIBRARY CONSTRUCTION 

The cDNA library was ligated to pSP65 vector DNA whteh had been BcoRl cut and the 5' phosphate 
groups removed by caH intestinal phosphatase (EcoRI /CIP). The Bgation vras used to fransform high 
transformation efficiency Escherichia cofi (E.ooli) HB101. A cDNA library was prepared. 3600 colonies 
were screened for the Dght chain and 10000 colonies were screened tor the heavy chain. 

5. SCREENING 

E.coli cotonies positive tor either heavy or light chain probes were Wentified by oOgonudeotkJe screening 
using the oligonucleotides: 5* TCCAGATGTTAACTGCTCAC lor the light chain, which is complementary 
to a sequence in the mouse kappa constant region, and 5' CAGGGGCCAGTGGATGGATAGAC for the 
heavy chain whfch is complementary to a sequence In the mouse lgG2a constant CHI domain regkin. 12 
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light chain and 9 heavy chain clones were Identified and taken for second round screening. Positive 
clor>es from the second round of screening were grown up and DNA prepared. The sizes of the gene 
inserts were estimated by gel electrophoresis and inserts of a size capable at containing a fun lerigth 
cDNA were subclor>ed into Ml3 for DNA sequencing. 

6 6. DNA SEQUENCING 

Clones representing four size classes for both heavy and Dght chains were obtained in Ml 3. DNA 
sequence for the 5' untranslated regions, signal sequences, variable regions and 3* untranslated regions 
of full length cONAs [Figures 1{a) arxJ 2(a}] were obtained and the corresponding amino acid sequerK^es 
predicted [(Figures 1(b) and 2(b}}. In Figure 1(3) the untranslated DNA regions are shown in uppercase, 

10 and in both Rgures 1 and 2 the signal sequences are underlir^ed. 
7. CONSTRUCTION OF cDNA EXPRESSION VECTORS 

Celltech expression vectors are based on the ptasmid pEE6hCr^V (ref. 14). A polytinker for the insertion 
of genes to be expressed has been introduced after the major immediate early prontoter/enhancer ol the 
human Cytomegalovirus (hCMV). Marker genes for selection of the plasmid in transfected eukaryotlc 
75 cells can be inserted as BamHl cassettes in the unique BamHl site of pEES hCMV; «or instance, the 
neo marker to provide pEE6 hCMV neo. It is usual practice to insert the neo and gpt markers prior to 
insertion of the gene of interest, whereas the GS marker is inserted last because of the presence of 
internal EcoRI sites in the cassette. 

The selectable markers are expressed from the SV40 late promoter which also provides an origin of 
20 replication so that the vectors can be used for expression in the COS celt transient expression system. 

The mouse sequences were excised from the Ml 3 based vectors described above as EcoRI fragments 
and cloned into either pEE6-hCMV-neo for the heavy chain arxf into EE6-hCMV-gpt for the light ct»ain to 
yiekJ vectors pJA136 and pJA135 respectively. 
6. EXPRESSION OF cDNAS IN COS CELLS 
26 Plasmlds pJAl35 and pJAl36 were co-transfected into COS cells and supernatant from the transient 
expression experiment was shown to contain assembled antibody which bound to T-ceil enriched 
lymphocytes. Metabolic labelling experiments using *S methionine showed expression and assembly of 
heavy and light chains. 
9. CONSTRUCTION OF CHIMERIC GENES 
30 Constniction of chimeric genes foltowed a previously described strategy [Whittle et al (ref. 13)]. A 
restriction site near the 3* end of the variable domain sequence is kientified arxj used to attach an 
oligonucleotide adapter coding for the remainder of the mouse variable region and a suitable rest^ion 
site for attachment to the constarrt region of choice. 
9.1. LIGHT CHAIN GENE CONSTRUCTION 
36 The mouse Pght chain cDNA sequence contains an Aval site near the 3' end of the variable region 

[Rg. 1(a)]. The majority of the sequence of the variable region was isolated as a 396 bp. EcoRI -Aval 
fragment. An oligonucleotide adapter was designed to replace the remainder of the 3* regkm of the 
variable region from tt>e Aval site and to include the 5' rescues of the human constant region up to 
and including a unkjue Narl she which had been prevkuisly engineered into the constant regUsn. 
40 A Hindi 1 1 site was introduced to act as a mariter for insertion of the linker. 

The linker was ligated to the Vl fragment and the 413 bp EcoRI -Narl adapted fragment was purified 
from the ligation mixture. 

The constant region was isolated as an Narl -BamHl fragment from an Ml 3 ck>ne NW3ei and was 
ligated with the variable region DNA into an EcoRl/BamHi/ClP pSPBS treated vector in a three way 
45 reaction to yiekJ plasmid JA143. Ctones were isolated after transformation into E.coli and the linker 

and junction sequences were confirmed by the presence of the Hindi 1 1 site and by DNA sequencing. 
9^ LIGHT CHAIN GENE CONSTRUCTION - VERSION 2 

The construction ol the first chimeric Bght chain gene produces a fusion of mouse and human amino 
acid sequences al the variable-constant region junction. In the case of the OtCT3 light chain the amino 
50 acids at the chimera junction are: 

Leu*Glu-Ile- Asn"Arq/ -/Thr -Val-Ala -Ala 

VARIABLE CONSTANT 

55 

This arrangement of sequence introduces a potential site for Asparagine (Asn) Rnked (N-Bnked) 
glycosylation at the V-C junction. Therefore, a second version of the chimeric light chain 
oligonucleotide adapter was designed In which the threonine (Thr). the first amino add of the human 

13 



EP 0 620 276 A1 



constant region, was replaced with the equivalent amino add from the mouse constant reQion. Alanine 
(Ala). 

An internal Hindi 11 site was not included in this adapter, to differentiate the two chimeric Bght chain 
genes. 

The variable region fragment was isolated as a 376 bp EcoRl-Aval fragment The oligonudeotlde linker 
was ligated to Narl cut pNW361 and then the adapted 3fi6bp constant region was isolated after recutting 
the modified pNW361 with EcoRl. The variable region fragment and the modified constant region 
fragment were Pgated directly into EcoRI/ClP treated pEEBhCMVneo to yield pJA137. Initially all clones 
examined had the insert in the incorrect orientation. Therefore, the insert was ressotated and recloned to 
turn the insert round and yield plasmid pJA141. Several clones with the msen in the correct orientation 
were obtained and the adapter sequence of one was confirmed by DNA sequencing 
9-3. HEAVY CHAIN GENE CONSTRUCTION 

9.3.1. CHOICE OF HEAVY CHAIN GENE ISOTYPE 

The constant region isolype chosen for the heavy chain was human lgG4. 

9.3.2; GENE CONSTRUCTION 

The heavy chain cDNA sequence showed a Bani site near the 3* end ol the variable region [Fig. 2(a)- 
]. The majority of the sequence of the variable region was isolated as a 426bp. EcoRl/CIP/BanI 
fragment. An oligonucleotide adapter was designated to replace the remainder of the 3' region of the 
variable region from the Bani site up to and including a unique Hindlll site which had been pceviousty 
engineered into the first two amino acids of the constant region. 

The linker was ligated to the Vh fragment and the EcoRI -Hindi 1 1 adapted fragment was purified from 
the ligation mixture. The variable region was ligated to the constant region by cutting pJA91 with 
EcoRl and Hindi 11 removing the intron fragment and replacing it with the Vh to yield pJA142. Clones 
were isolated after transformation into E.coli JM101 and the linker and Junction sequences were 
confirmed by DNA sequencing. (N.B. The Hindlll site is lost on cloning). 

10. CONSTRUCTION OF CHIMERIC EXPRESSION VECTORS 
10.1. noo AND gpt VECTORS 

The chimeric Pght chain (version 1) was removed from pJAl43 as an EcoRI fragment and cloned into 
EcoRl/ClP treated pEEBhCMVneo expression vector to yieW pJA145. Clones with the insert in the 
correct orientation were identified by restriction mapping. 
The chimeric light chain (version 2) was constructed as described above. 

The chimeric heavy chain gene was isolated from pJAl42 as a 2.5Kbp EcoRI /BamHI fragment and 
ctoned into the EcoRI /Bell /CiP treated vector fragment of a derivative of pEE6hCMVgpt to yield 
plasmid pJA144. 
10^. GS SEPARATE VECTORS 

6S versions of pJAl41 and pJAl44 were constructed by replacing the neo and gpt cassettes by a 
BamHI /Sal 1/C1P treatment of the plasmids, isolation of the vector fragment and ligation to a GS- 
containing fragment from the plasmid pR049 to yield the Bght chain vector pJAl79 and the heavy 
chain vector pJAlSO. 

10.3. GS SINGLE VECTOR CONSTRUCTION 

Single vector constructions containing the cL (chimeric Dght). cH (chimeric heavy) and GS genes on 
one plasmid in the order cL-cH-GS. or cHk:L-GS and with transcription of the genes being head to tail 
e.g. cL>cK>GS were constructed. These plasmids were made by treating pJAITS or pJAiSO with 
BamHI/ClP and ligating in a Bglll/Kindlll hCMV promoter cassette along with either the 
Hindi ll/BamH1 fragment from pJA14l into pJAlSO to give the cH<L-GS plasmid pJAl82 or the 
Hindi 11/BamHl fragment from pJA144 into pJA179 to give the cL-cH^S plasmid pJAISI. 

11. EXPRESSION OF CHIMERIC GENES 
11.1. EXPRESSION IN COS CELLS 

The chimeric antibody plasmid pJAl45 (cL) and pJA144 (cH) were oo-transfected into COS cells and 
supernatant from the transient expression experiment was shown to contain assembled antibody 
which bound to the HUT 78 human T-ceB line. Metabolic iebelling experiments using »S methionine 
showed expression and assembly of heavy and Bght chains. However the fight chain mobility seen on 
reduced gels suggested thai the potential glycosylation site was being glycosylated. Expression In 
COS cells in the presence of tunicamycin showed a reduction in size of the light chain to that shown 
for control chimeric antibodies and the 0KT3 moose light chain. Therefore JA141 was constructed 
and expressed. In this case the Pght chain did not show an aberrant mobility or a size shift fei the 
presence or absence ol tunicamydn. This second version of the chimerfc Bght chain, when expressed 
In association with chimeric heavy (cH) chain, produced antibody which showed good binding to HUT 
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78 cells, tn both cases antigen binding was equtvatent to that of the mouse ainibody. 
11^ EXPRESSION IN CHINESE HAMSTER OVARY (CHO) CELLS Stable cell lines have been 
prepared from plasmids PJA141/lpJA144 and from pJA179/pJA180. pJAlBI and pJAia2 by transfec- 
tion into CHO celts. 
12. CDR-G RAFTING 

The approach taken was to try to introduce sufficient mouse residues Into a human variable region 
framework to generate antigen binding activity comparable to the mouse and cNmeric antibodies. 
12.1. VARIABLE REGION ANALYSIS 

From an examination of a small database of stoidures of antibodies and anttgen-anlibody complexes 
rt is clear that only a small number of antibody residues make direct contact with antigen. Other 
residues may contribute to antigen binding by positioning the contact residues in favourable configu- 
rations and also by inducing a stable packing of the individual variable domains and stable interaction 
of the light and heavy chain variable dorriains. 

The residues chosen for transfer can be klentjfied in a number of ways: 

(a) By examination of antibody X-ray crystal structures the antigen binding surface can be 
predominantly located on a series of kwps, three per domain, wfhich extend from the B-barrel 
framework. 

(b) By analysis of antibody variable domain sequences regkxis of hypervariability [termed the 
Complementarity Determining Regions (CDRs) by Wu and Kabal (ref. 5)J can be kJentifted. In the 
most but not all cases these CDRs corresporxJ to, but extend a short way beyond, the kwp regions 
noted above. 

(c) Residues not identified by (a) and (b) may contribute to antigen binding directly of indirectly by 
affecting antigen binding site topotogy, or by inducing a stable packing of the individual variable 
domains and stabilising the inter-variable domain interaction. These residues may be Wentified 
either by superimposing the sequences for a given antibody on a known structure and kxAing at 
key residues for their contribution, or by sequence alignment analysis and noting "idiosyncratic" 
residues followed by examination of their structural location and likely effects. 

12.1.1. UQHT CHAIN 

Rgure 3 shows an alignment of sequences for the human framework region REl and the 0KT3 
Bght variable region. The structural loops (LOOP) and CDRs (KABAT) believed to correspond to the 
antigen binding region are marked. Also marked are a number of other residues which may also 
contribute to antigen binding as described in 13.1(c). Above the sequence In Rgure 3 the residue 
type Indicates the spatial location of each residue side chain, derived by examinatton of resolved 
structures from X-ray crystaltography analysis. The key to this residue type designation is as 
follows: 

N - near to CDR (From X-ray Structures) 
P - Packing 8 • Buried Non-Packing 
S • Surface E - Exposed 
1 - Interface ' * Interface 
- Packing/Part Exposed 

? • Non-CDR Residues which may require to be left as Mouse sequence. Residues underlined in 
Rgure 3 are amino acids. REl was chosen as the bum&n framewortt because the light chain is a 
kappa chain and the kappa variable regions show higher homok>gy with the mouse sequences than 
a lambda light variable region, e.g. KOL (see bekxw). REl was chosen in preference to another 
kappa light chain because the X-ray stnicture of the Kght chain has been determined so that a 
structural examination of individual resklues coukj be made. 

12.1.2. HEAVY CHAIN 

Similarty Rgure 4 shows an alignment of sequences for the human framework region KOL and the 
0KT3 heavy variable region. The structural kx)ps and CDRs beSeved to correspond to the antigen 
binding region are marked. Also mariied are a number of otfw residues which may also contribute 
to antigen binding as desatbed in 12.1(c). The residue type key and other indk:ator8 used in 
Figure 4 are the same as those used in Ftgure 3. KOL was cftosen as the heavy chain framework 
because the X-ray structure has been determined to a better resoh/tkm than, for example. NEV\^M 
and also the sequence alignment of 0KT3 heavy variable regton showed a sQghtfy better homology 
to KOL than to NEWM. 
12.2. DESIGN OF VARIABLE GENES 

The variable region domains were designed with mouse variable region optimal codon usage 
[Grantham and Perrin (ref. 15)1 and used the B72.3 signal sequences [vymittle et_aJ (ref. 13)1. The 
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sequences were desioned to be attached to the constant region in the same way as for the chimeric 
genes described above. Some constructs contained the 'Kozak consensijs sequence' [K6zak (ref. 
16)1 directly Snked to the 5' of the stgnaJ sequence in the gene. This sequence motff Is believed to 
have a beneficial role in translation initiation in eukaryotes. 
12.3. GENE CONSTRUCTION 

To build the variable regions, various strategies are available. The sequerKO may be assembled by 
using oligonucleotides in a manner similar to Jones etaJ (ref. 17) or by simuttaneousfy replacing all g« 
the CDRs or loop regions by oligonucleotide directed site specific mutagenesis in a manner similar to 
Verhoeyen et_al (ref. 2). Both strategies were used and a list of constnictions is set out in Tables 1 
and 2 and Figures 4 and 5. It was noted in several cases that the mutagenesis approach led to 
deletions and rearrangements in the gene being remodelled, while the success of the assembly 
approach was very sensitive to the quality of the oligonucleotides. 
13. CONSTRUCTION OF EXPRESSION VECTORS 

Genes were isolated from Ml 3 or SPSS based intermediate vectors and cloned into pEE6hCMVneo for 
the light chains and pEE6hCMVgpt for the heavy chains in a manner similar to that for the chimeric 
genes as described above. 
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TABLE 1 CDK -CRAFTED CEKZ COKSTRDCTS 

CODE MOUSE SEQUENCE METHOD OF KOZAK 

COKTEKT CONSTRUCTIOH SEQUENCE 



LIGHT CHAIN ALL HUMAN FllAMEUORX REl 



121 


26-32. 50-5£. 


91-96 Incluslva 


SDM And eefie essesblv 




n.d. 


121A 


26-32. 50-56. 


91-96 iDcliulvt 


pArtlal cene asseablv 


n.d. 






♦I. 3. 46. 47 










1 ? 1 K 
i« IS 


26-32. 50-56. 


91-96 tDcluilv* 


fertial £ens esseably 


n.d. 






1- 46. 47 










^ ^ 1 


24-24. 50-56. 


91-96 Inclusivi 


Perciel Eene •sstabW 


♦ 




i i lA 


24-34. 50-56. 


91-96 iDcIuslvt 


Percial cenc essaablv 


♦ 






♦1. 3. 46. 47 










22 lA 


24-34. 50.56. 


91-96 inclusivi 






♦ 




♦1. 3 










551C 


24. 3i. 50-56. 


91-96 inclusivt 


Percl*! xitTSM asstably 




♦ 




CHAIN ALL HUMAN FRAHEUORK KOL 








121 


26-32. 50-56. 


95-lOOB Lncluiiv* 


Ctne assembly 


n.d. 




131 


26-32. 50-58. 


95-lOOB Incluilv* 


C«n« asstably 


n.d. 






26-32. 50-65. 


95-lOOB inclusive 


PATtial acne asseablv 




n.d. 


321 


2635. 50-56. 


9S-1O0B Inclusive 


Parclal |cna assaobly 




n.d. 


331 


26-35. 50-58. 


95-lOOB inclusive 


Partial ykVM assaably 












Can* Bsstably 






341 


26-35. 50-65. 


95-lOOB inclujive 


SDK 












Partial |ant assaably 




♦ 


341A 


26-35. 50-65. 


95-lOOB Inclujlve 


Cene assaably 


n.d. 


♦ 




♦6. 23. 24. 48. 49. 71, 73. 76. 










78, 88. 91 (^63 - huaan) 








34 IB 


26-35. 50-65. 


95-lOOB Inclusive 


Cent assaably 


n.d. 






♦ 48, 49. 71. 


73. 76. 78. 88. 91 










(463 4 hxuun) 










KEY 














not done 









SDH Sic* directed autagenasis 

Cane aaacably Variablt region asstablcd entirely (roa ollKonuclftotldat 
Partial gane Variable ragion asseablcd by coabination of rastrietlon 
assaobly fra^ncs eithtr froa othar (an«« originally craacad by SDM 
and gena assaably or by oligonucleetida asseably of part of 
the variable region and reconstruction vith restriction 
fragaencs froa other genes originally created by SDH and gena 
asseably 



14. E XPRESSION OF CDR-GRAFTED GENES 

14.1. PRODUCTION OF ANTIBODY CONSISTING OF GRAFTED UGHT (flL) CHAINS WITH MOUSE 
HEAVY (mH) OR CHIMERIC HEAVY (cH) CHAINS 

All chains. In association with mH or cH produced reasonable amounts of antibody. Insertion of the 
Kozak consensus sequence at a posftion 5* to the ATG (koL constructs) however, ted to a 2^ foW 
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improvement in net expression. Over an extended series of experiments expression levels were raised 
from approximately 200no/ml to approximately 500 ng/ml for kgUcH or kglAnH combinations. 
When direct binding to antigen on HUT 78 celts was measured, a construct designed to indude 
mouse sequence based on loop length (gLl21) did noitead to active antibody hi association with mH 
or cH. A construct designed to include moose sequence based on Kabat CDRs (gL22l) demonstrated 
some weak binding in association with mH or cH. However, wtwn framework residues 1. 3, 46. 47 
were changed from the human to the murine 0KT3 equivalents based on the arguments outlined in 
Section 12.1 antigen binding was demonstrated when both o4 the new constructs, which were termed 
121A and 221A weie co-expressed with cH. When the effects of these reskJues were eocamined in 
more detail, it appears that residues 1 and 3 are not maior contributing residues as the product of the 
gL221 B gene shows Uttle detectable binding activity In assodatfon vrith cH. The DgM chain product 
gL22lC. in which mouse sequences are present at 46 and 47. shows good binding activity in 
association with cH. 

14.2 PRODUCTION OF ANTIBODY CONSISTING OF GRAFTED HEAVY (gH) CHAINS WITH MOUSE 
UGHT (mL) OR CHIMERIC UGHT (cL) CHAINS 

Expression of the gH genes proved to be more difficutt to achieve than tor gL Rrst. inclusion of the 
Kozak sequence appeared to have no marked effect on expression of gH genes. Expression appears 
to be slightly improved but not to the same degree as seen lor the grafted light chain. 
Also, it proved difficult to demonstrate production of expected quantities of material when the toop 
choice (amino add 26-32) for CDRI is used. e.g. gH121. 131. 141 and no conduslons can be drawn 
&t>out these constructs. 

Moreover, co-expression of the gH341 gene with cL or mL has been variable and has tended to 
produce tower amounts of antibody than the cH/cL or mH/mL combinatkxis. The alterations to gH341 
to produce gH34lA and gH341B lead to improved levels of expression. 

This may be due either to a general increase In the fraction of mouse sequence in the variable region, 
or to the alteration at position 63 where the residue is returned to the human amino add Valine (Val) 
from Phenylalanine (Phe) to avdd possible internal packing problems with the rest of the human 
framework. This arrangement also occurs in gH331 and gH321 . 

When gH321 or QH331 were expressed in association with cL, antibody was produced but antibody 
tending activity was not detected. 

When the more conservative gH341 gene was used antigen binding couW be detected in sssodatk)n 
with cL or mL. but the activity was only marginally above the background level. When further mouse 
residues were substituted based on the arguments in 12.1. antigen binding cook* be dearly 
demonstrated lor the antibody produced when kgH34lA and kgH341B were expressed in assodation 
with cL 

14.3 PRODUCTION OF FULLY CDR-GRAFTED ANTIBODY 

The kgL22lA gene was co-expressed with kgH34l, kgH34lA or kgKMlB. For the combinatton 
kgH22lA4cgH341 very little material was produced in a nonnal COS ceU expression. 
For the combinations kgL221A/kgH341A or kgH22lA1(gH34lB amounts of antibody similar to gL/cH 
was produced. 

In several experiments no antigen binding activity couW bo detected with kgH221A/gH341 or 
kgH22lA/kgH341 combinations, although expression levels were very tow. 

Antigen binding was detected when kgL221A*gH34lA or kgH221AAgH341B combinations were 
expressed. In the case of the antibody produced from the kgL22lA/kgH341A combinatton the antigen 
binding was very similar to tfia! of the chimeric antibody. 
An analysis of the above results is given below. 
15. DISCUSSION OF CDR-GRAFTING RESULTS 

In the design of the fully humanised antibody the aim was to transfer the minimum number o4 mouse 
amino adds that wooW confer antigen binding onto a human antibody framework. 
15.1. LIGHT CHAIN 

15.1.1. EXTENT OF THE CDRs 

For the light chain the regions defining the toops known from staicturel studies ol other antibodies 
to contain the antigen contacting residues, and those hypervariabte sequences defined by Kabat et 
Bl (refs. 4 and 5) as Comptemerrtartty Determining Regions (CDRs) are equivalent tor C0R2. For 
CDRI the hypenrariable region extends from residues 24-34 Inclushw wWte the structural toop 
extends from 26-32 indusive. In the case of 0ICT3 there is only orte amino add difference between 
the two options, at amino ackJ 24. where the mouse sequence Is a serine and the human 
frameworic REl has gUrtamlne. For CDR3 the toop extends from residues 91-96 Indusive while the 
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Kabat hypervariability extends from residues B9-97 inclusive. For 0KT3 amino acids 89, 90 and 97 
are the same between 0KT3 and REl (Fig. 3). When constructs based on the loop choice for 
com (aL12l) and the Kabat choice {gL22i) were made and co-expressed with mH or cH no 
evidence for antigen binding activity could be found for gL121, but trace activity could be detected 
for the gL22l, suggesting that a single eortra moose residue in the grafted variable region cooW 
have some detectable effect Both gene constructs were reasonably weD expressed in the transient 
expression system. 
15.1.2. FRAMEWORK RESIDUES 

The remaining tramewortt residues were then further examined, in particular amino adds known 
from X-ray analysis of other antibodies to be dose to the CDRs and also those aiTMno adds which 
in 0KT3 showed differences from the consensus frarr>ewofk for the mouse subgroup {subgroup VI) 
to which 0KT3 shows most homology. Four positions 1, 3, 46 and 47 were identified and their 
possible contribution was examined by substituting the moose amino acid for the human amino 
acid at each position. Therefore gL221A {gL221 + DlQ. Q3V. L48a L47W, see Figure 3 arxl 
Table 1) was made, cloned in EEBhCMVnoo and co-expressed with cH (pJAl44). The resultant 
antibody was well expressed and showed good binding activity. When the related genes gL221B 
(9L221 + DlQ. Q3V) and gL22lC (gL221 + L4eR. L47W) were made and similarly tested, while 
both genes produced antibody when co^xpressed with cH. only the gL22lOteH combination 
showed good antigen binding. When the gL121A (gL121 + DlQ, Q3V. L46R. L47W) gene was 
made and co-expressed with cH. antibody was produced which also bound to antigen. 
152. HEAVY CHAIN 

152.1. EXTENT OF THE CDRs 

For the heavy chain the loop and hypervariability analyses agree only in CDRS. For CDR1 the loop 
region extends from residues 26-32 inclusive whereas the Kabat CDR extends from residues 31-35 
inclusive. For CDR2 the loop region Is from 50-58 Inclusive vrhile the hypervariable region covers 
amino acids 50-65 inclusive. Therefore humanised heavy chains were constructed using the 
framework from antibody KOL and with various combinations of these CDR choices, including a 
shorter choice for CDR2 of 50-56 inclusive as there was some uncertainty as to the definition of the 
end point for the CDR2 loop around residues 56 to 5a The genes were co-expressed with mL or 
cL initially. In the case of the gH genes with loop choices for CDR1 e.g. gHlZI, gHl3l, flHi4l very 
little antibody was produced in the culture supematants. As no free light chain was detected it was 
presumed that the antibody was being made and assembled inside the cell but that the heavy 
chain was aberrant in some way. possibly Incorrectly folded, and therefore the antibody was being 
degraded internally. In some experiments trace amounts of antibody could be detected In »S 
labelling studies. 

As no net antibody was produced, analysis of these constructs was not pursued further. 
When, however, a combination of the loop choice and the Kabat choice for CDRl was tested 
(mouse amino acids 26-35 Indush^e) and In which residues 31 (Ser to Arg), 33 (Ala to Thr). aixl 35 
(Tyr to His) were changed from the human residues to the mouse residue and compared to the 
first series, antibody was produced for gH321. kgH331 and kgH341 when co^xpressed with cL 
Expression was generally tow and could not be maritedly improved by the insertion of the Kozak 
consensus sequence 5* to the ATQ of the signal sequence of the gene, as distinct from the case o( 
the gL genes where such insertion led to a 2-5 foW increase in net antibody production. However, 
only in the case of gH34l/rnL or kgH341/cL could marginal antigen binding activity be dem- 
onstrated. When the kgH34l gene was co-expressad with kgL221A. the net yieW 0* antibody was 
too tow to give a signal above the badtground level in the antigen binding assay. 
15.2.2, FRAMEWORK RESIDUES 

As in the case o( the light chain the heavy chain frameworks were re-examined. Possibly because 
of the tower initial homotogy between the moose and human heavy variabte domains conr^parod to 
the Bght chains, more amino acid positions proved to be o# mierest. Two genes kgH34lA and 
kgH341B were constructed, with 11 or 8 human residues respectively substituted by moose 
residues compared to gH341. and with the C?DR2 residue 63 returned to the human amino add 
potentially to Improve domain packing. Both showed antigen binding when combined with cL or 
kgL22lA. the kgH341A gene with all 11 changes appoaririg to be the superior choice. 
15.3 INTERIM CONCLUSIONS 

h has been demonstrated, therefore, for 0KT3 that to transfer antigen binding ability to the humanised 
antibody, mouse residues outside the CDR regions defined by the Kabat hypervariability or structural 
toop choices are required lor both the Bght and heavy chains. Fewer extra residues are needed for the 
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ngM chain, possibty due to the higher IniHal homology between the mouse and human kappa variable 

regions. 

Of the changes seven (1 and 3 from the Bght chain and 6, 23. 71, 73 and 76 from the heavy chain) 
are predicted from a knowledge of other antibody struchjres to be either partly exposed or on the 
antibody surface. It has been shown here that residues 1 and 3 in the PgM chain are no« absolutely 
required to be the moose sequence; and for the heavy chain the gH34lB heavy chain in combinatton 
with the 221 A Bght chain gerwated only weak binding activity. Therefore the presence o« the 6, 23 
and 24 changes are important to maintain a binding affinity similar to that of the murine antibody. It 
was important, therefore, to further study the individual contribution of othe other 8 mouse residues of 
the kgH341A gene compared to kgH341. 
16. FURTHER CDR-GRAf=TING EXPERIMENTS 

Additional COR-grafted heavy chain genes were prepared substantially as described above. With 
reference to Table 2 the further heavy chain genes were based upon the gh34l (plasmtd pJA17e) ar*d 
gH341A (plasmid pJAl85) with either moose 0KT3 or human KOL residues at 6. 23. 24, 48. 40. 63. 71. 
73. 76. 78. 88 and 91 . as indicated. The CDR-grafted light chain genes used in these further experiments 
were gL221. gL22lA. gL221B and gL221C as described above. 
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TABLE 7 

0>rr3 HEAVY CHAIH CDR CRAFTS 



1. sH341 And d«riv«clv<s 



RES HUM 


6 


23 


24 


49 


63 


71 


7J 


76 


7S 


SB 


91 


0KT3vh 


0 


K 


A I 


c 


r 


T 


K 


S 


A 


A 


Y 


kH341 


z 


5 


S V 




r 




N 


N 


I 


C 


F JA17B 


^361A 


q 


K 


A I 


c 


V 


T 


R 


S 


A 


A 


Y JA185 


tH3AlE 


0 


K 


A I 


c 


V 


T 


K 


s 


A 


C 


C JA198 


gH3i,l* 


0 


K 


A I 


c 


V 


T 


K 


N 


A 


c 


F JA207 




9 


K 


A 1 


c 


V 


R 


N 


N 


A 


c 


T JA209 




q 


K 


A I 


c 


V 


T 


K 


N 


L 


c 


r JA197 


gH341* 


0 


K 


A I 


c 


V 


R 


N 


N 


t 


c 


r JA199 


gH3i.lC 




K 


A V 


A 


r 


R 


N 


M 


L 


c 


F JA1&4 


SH3i.l* 
6H341* 
gK341fi 


9 


S 


A I 


c 


V 


T 


K 




A 


A 


Y JA203 


£ 


s 


A I 


c 


V 


T 


K 




A 


A 


Y JA205 


E 


s 


S ! 


c 


V 


T 


K 




A 


A 


Y JA183 




s 


A I 


c 


V 


T 


K 




A 


C 


F JA204 


gK3£.l* 


E 


s 


A ! 


c 


V 


T 


K 




A 


c 


F JA206 


gH3i.l* 


2 


5 


A I 


c 


V 


T 


K 


M 


A 


c 


F JA20& 


KOL 


£ 


S 


S V 


A 




R 


N 


N 


L 


c 


F 



0KT3 LIGHT CHAIK CDR CRAFTS 



2. kL221 «nd derivatives 



RES HUM 


1 


3 


46 


47 


0KT3vl 




V 


R 


V 


CU21 


D 


Q 


L 


L OA221 


gL22U 




V 


R 


U DA22U 


iU21B 




V 


L 


L DA221& 


CL221C 


D 


Q 


R 


V DA221C 


REl 


D 


Q 


L 


L 



MURINE RESIDUES ARE UKDERtlKED 

The CDR-flratted heavy and light chain genes were co-expressed in COS c©ns either with one another 
in various combinations but also with the corresponding murine and chimeric heavy and light chain genes 
substantially as described above. TTie resultant antibody products were then assayed In binding and 
blocking assays with HPB-AU. cells as described above. 
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The results of the assays for various grafted heavy chains co-expressed with the gL22iC Bght chain are 
given in Figures 7 and 8 (for the JA1&4, JA185. JA197 and JA198 constructs - see Table 2), In Rgure 9 (lor 
the JA183. JA1&4. JA185 and JA197 constnjcis) in Rgure 10 (for the chimeric, JA185. JA199. JA204, 
JA205. JA207. JA208 and JA209 constiucts) and in Ftgufe 11 (for the JA183. JAt84, JA185, JA1S8. JA203. 

5 JA205 and JA206 constructs). 

The basic grafted product without any human to murine changes in the variable frameworks, i.e. gL22i 
co-expressad with Qh34l (JA178). and also the 'fully grafted" product having most human to murine 
changes in the grafted heavy chain frameworit. i.e. qL221C co-expressed with gh34lA (JA185), were 
assayed for relative binding affinity in a competition assay against murine 0KT3 referertce standard. usir>g 

10 HPB-ALL cells. The assay used was as described above in section 3.3. The results obtained are given in 
Figure 12 lor the basic grafted product and in Figure 13 for the fully grafted product. These results irKlicate 
that the basic grafted product has neglibible binding ability as compared with the 0KT3 murine reference 
standard: whereas the "fuUy grafted" product has a binding ability very similar to that of the 0KT3 murine 
reference standard. 

15 The binding and blocking assay results indicate the folkwing: 

The JA198 and JA207 constructs appear to have the best binding characteristics and similar binding 
abilities, both substantially the same as the chimeric and fully grafted gH34lA products. This indicates that 
positions 88 and 91 and position 76 are not highly critical for maintaining the 0KT3 binding ability; whereas 
at least some of positions 6. 23. 24. 48, 49, 71. 73 and 78 are more important 

20 This is borne out by the finding that the JA209 and JA199. although of similar binding ability to one 
another, are of lower binding ability than the JA198 and JA207 constructs. This indicates the importance ol 
having mouse residues at positions 71, 73 and 78, wWch are either completely or partially human in the 
JA199 and JA209 constructs respectively. 

Moreover, on comparing the results obtained lor the JA205 and JA1B3 constructs it is seen that there is 

2S a decrease in binding going from the JA205 to the JAIBS constructs. This Indicates the importance of 
retaining a mouse residue at position 23, the only position changed between JA205 and JA1S3. 

These and other results lead us to the conclusion that ol the 11 mouse framework residues used in the 
gH341A (JA185) construct, it is important to retain mouse residues at all of positions 6. 23, 24, 48 and 49, 
and possibly for maximum binding affinity at 71. 73 and 78. 

30 Similar Experiments were carried out to CDR-graft a number of the rodent antibodies tnckiding 
antibodies having specificHy for CD4 (0KT4). ICAM-1 (RS-5). TAG72 (B72.3). and TNFo(61E71. 101.4, 
hTNFI . hTNF2 and hTNF3). 

EXAMPLE 2 

35 

CDR-GRAFTING OF A MURINE ANTI-CD4 T CELL RECEPTOR ANTIBODY. Oia4A 

Anti 0KT4A CDR-grafted heavy and light chain genes were prepared, expressed and tested substan- 
tially as described above in Example l for CDR-grafted 0KT3. The CDR grafting of 0KT4A is described in 

40 detail in Ortho patent application PCT/GB 90 of even date herewith entitled "Humanised Antibodies". 

The disclosure of this Ortho patent application PCT/GB 90 is incorporated herein by reference. A 

number of CDR-grafted 0KT4 antibodies have been prepared. Presently the CDR-grafted 0KT4A of choice 
is the combination of the grafted light chain LCDR2 and the grafted heavy chain HCDRlO. 

45 THE LIGHT CHAIN 

The human acceptor framework used lor the grafted fight chains was RE1. The preferred LCDR2 light 
chain has human to mouse changes at positions 33. 34. 38, 49 and 89 in addition to the structural tooq 
CDRs. Of these changed positions, positions 33. 34 and 89 fan within the preferred extended CDRs o* the 

50 present invention (positions 33 and 34 in CDR1 and position 89 in CDRS). 

The human to murine changes at positions 38 and 49 corresponds to posittons at which the amino ackJ 
residues are preferably donor murine amino acid residues in accordance with the present invention. 
A comparison of the amino acid sequences of the donor murine light chain variable domain and the RE 1 
human acceptor Ught chain variable further reveals that the murine and human reskJues are ktenllcal at all 

55 Of positions 46. 48 and 71 and at aU of positions 2, 4. 6. 35, 36. 44. 47. 62. 64-69. 85. 87, 88. 99 and 101 
and 102. However the amino acid residue at position 58 in LCDFt2 is the human RE1 framework residue not 
the mouse 0KT4 residue as would be preferred in accordance with the present invention. 
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THE HEAVY CHAIN 



The human acceptor framewofk used tor the grafted heavy chains was KOL. 
The preferred CDR graft HCDRiO heavy chain has homan to mouse changes at positions 24. 35, 57, 58, 

6 60. 68 and 81 in addition to the structural loop CORs. 

Of these posHions. positions 35 (CDR1) and positions 57. 58 and 60 <C0R2) fall within the preferred 
extended CDRs of the present invention. Also the human to mouse change at positioo 24 corresponds to a 
position at which the amino acid residue is a donor murine residue in accordance with the present Inventioo. 
Moreover, the human to moos© changes at positions 88 and 91 correspond to positions at which the amino 

70 acid residues are optk>naIty donor murine residues. 

Moreover, a comparison of the murine 0KT4A and human KOL heavy chain variable amino acid sequences 
reveals that the murine and human residues are identical at all of positions 23. 48. 71. 73 and 78 and at all 
of positions 2. 4. 6. 25. 36. 37. 39. 47. 48. 93. 94. 103. 104. 106 and 107. 

Thus the 0KT4A CDR-grafted heavy chain HCDRIO corresponds to a particularly preferred embodirrtent 
75 according to the present invention. 

EXAMPLE 3 

CDR-GRAFTING OF AN ANTI-MUCIN SPECIFIC MURINE ANTIBODY. B72.3 

The cloning of the genes coding tor the anti-mucin specific murine monoclonal antibody B72.3 and the 
preparation of B72.3 mouse-human chimeric antibodies has been described previously (ref. 13 and WO 
89/01783). CDR-grafted versions of B72.3 were prepared as follows, 
(a) 872.3 Light Chain 

25 CDR-grafting of this light chain was accomplished by direct transfer of the murine CDRs Into the 
framework of the human light chain REl. The regions transferred were: 



CDR 


Residues 


Number 




1 


24-34 


2 


50-56 


3 


90-88 



" The activity of the resulting grafted light chain was assessed by co^presstoo in COS cells, cfi genes for 
the combinations: 
B72.3 cHm72.3 cL 
and B72.3 cHm72.3 gL 

Supernatants were assayed lor antibody concentration and for the ability to bind to mlCTotttre plates 
^ coated with mucin. The results obtained Indicated that in combination with the B72.3 cH chain. B72.3 cL 
and B72.3 gL had similar binding properties. 

Comparison of the murine B72.3 and REl light chain amino acid sequences reveals that the residues 
are Identical at positions 46. 58 and 71 but are different at position 48. Thus changing the human reskJoe to 
the donor mouse residue at position 48 may further improve the binding characteristics of the CDR-grafted 
^ Light chain, (B72.3 gL) in accordance with the present invention, 
(b) 872.3 heavy chain 
I. Choice of framework 

At the outset it was necessary to make a choice of hun«n framework. Simply put, the question was as 
foltows: Was H necessary to use the framework regions from an antibody whose crystal structure was 

" known or could the choice be made on some other criteria? 

For B72.3 heavy chain. H was reasoned thai, while knowledge o* structure was important, transfer o* 
the CDRs from mouse to human frameworics might be fadlitaied H the overall homology between the 
donor and receptor frameworks was maximised. Comparison of the B72.3 heavy chain sequence with 
those in Kabat (ref. 4) for human heavy chains showed clearly that B723 had poor homotogy for KOL 

" and NEWM (lor which crystal structures are available) but was very homologous to the heavy chain 

lorEU. ^ „_ 

On this basis. EU was chosen for the COR-^rafting and the foltowing residues transferred as CDHs. 
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CDR 


Residues 


Number 




1 


27-36 


2 


50-63 


3 


83-102 



Also it was noticed that the FR4 region of EU was unlike that of any other human (or mouse) antibody. 
Consequentfy. in the grafted heavy chain genes this was also changed to produce a "consensus" 
human sequence. (Preliminary experiments showed thai grafted heavy chain genes cofrtaining the EU 
FR4 sequence expressed very poorty in transient expression systems.) 

ii. Resutts with grafted heavy chain genes 

Expression of grafted heavy chain genes containing all human framework regions with eittier gL or cL 
genes produced a grafted antibody with tittle ability to bind to mucin. The grafted antibody had about 
1% the activity of the chimeric antibody, tn these experiments, however, H was rwted that the activity 
of the grafted antibody could be increased to - 10% of B72.3 by exposure to pHs of 2-3.5. 
This observation provided a due as to how the activity of the grafted antibody could be improved 
without acid treatment It was postulated that acid exposure brought about the protor^tion of an ackJic 
residue (pKa of aspartic acid - 3.86 and of glutamine acid » 4.25) vrhfch in turn caused a change in 
structure of the COR toops, or allowed better access of antigen. 

From comparison of the sequences of B72.3 (ref. 13) and EU (refs. 4 and 5), it was ctear that, tn going 
from the moose to human frameworks, only two positions had been changed in such a way ttwt acidic 
residues had been introduced. These positions are at residues 73 and 81, where K to E and Q to E 
changes had been made, respectively. 

Which of these positions might be important was determined by examining the crystal structure of the 
KOL antibody. In KOL heavy chain, position 81 is far removed from either of the CDR loops. 
Position 73, however, is close to both CDRs 1 and 3 of the heavy chain and. in this position it was 
possible to envisage that a K to E change in this region coukJ have a detrimental effect on antigen 

binding. 

iii. Framewori< changes in B72.3 gH gene 

On the basis of the above analysis. E73 was mutated to a lysine (K). It was found that this change had 
a dramatic effect on the ability of the grafted Ab to bind to mucin. Further the ability of the grafted 
872.3 produced by tfw mutated gH/gL comtxnation to bind to mucin was similar to tfiat of the 872.3 
chimeric antibody. 
Iv. Other framework changes 

In the course of the atwve experiments, other changes were made in the heavy chain framework 
regions. Within the accuracy of the assays used, none of the cfianges. either atorw or together, 
appeared tKnefidal. 
v. Other 

All assays used measured the ability of the grafted Ab to bind to mucin and, as a whole. Indicated 
that the single framework change at position 73 is sufficient to generate an antibody with similar 
binding properties to B72.3. 

Comparison of the B72.3 murine and EU heavy chain sequences reveals that the mouse and human 
residues are identical at positions 23. 24, 71 and 78. 

Thus the mutated CDR^rafled B72.3 heavy chain corresponds to a preferred embodirr»frt of the 
present invention. 

EXAti^PLE 4 

CDR-GRAFTING OF A MURINE ANTI-ICAM-1 MONOaONAL ANTIBODY 

A murine antibody. R6-5-De (EP 0314863) having specificity lor Intercellular Adhesion Molecule 1 
(ICAM-1) was CDR-grafted substantially as described above in previous examples. TWs work is described in 
greater detail in co-pending application, British Patent Appfication No. 90095493, the disctosure o* which is 
incorporated herein by reference. 

The human EU frameworic was used as the acceptor frameworit for both heavy and Bght chains. The COR- 
grafled antibody currently of choice is provided by co^expression of grafted light chain gL22lA arKj grafted 
heavy chain gH341D which has a binding affinity for ICAM 1 of about 75% of that of the corresponding 
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mouse-human chimeric antibody. 
LIGHT CHAIN 

9L221A has murine CDRs a! positions 24-34 (CDR1). 50-56 (CDR2) and 89-67 (C0R3). In addition 
sevoraJ framework residues are also the murine amino add. These residues were chosen after consideration 
of the possible contribution of these residues to domain packing and stability of the conformation o* the 
antigen binding region. The residues which have been retained as mouse are at positions 2, 3, 48 (7), 60. 
84. 8S and 87. Comparison of the murine anti-ICAM 1 and human EU Bght chain amino acid sequences 
reveals that the murine and human rasklues am identical at positions 46, 58 and 71 . 

HEAVY CHAIN 

QH341D has murine CDRs at positions 26-35 (CDR1). 50-58 (CDR2) and94-1008 (CDR3). In addition 
murine residues were used in oH34lO at positions 24. 48. 69. 71. 73, 80. 88 and 91. Comparison of the 
murine anti-ICAM 1 and human EU heavy chain amino add sequences are identical at posittoos 23, 48 and 

78. 

EXAMPLE 5 

CDR-Graftinq of murine anti-TKFa antibodies 



A number of murine antl-TNFa monoclonal antibodies were CDR-grafted substantially as described 
above in previous examptes. These antibodies include the murine monockxwl antibodies designated 61 
E71, hTNFI. hTNF3 and 101.4 A brief summary ol the CDR-grafting of each of these antibodies is given 
below. 

61E71 

A similar analysis as described above (Example 1. Section 12.1.) was done lor 61 E71 and for the heavy 
chain 10 residues were identified at 23. 24, 48. 49. 68. 69. 71. 73, 75 and 88 as residues to potentially 
retain as murine. The human frameworics chosen for CDR^rafting ol this antibody, and the hTNF3 and 
101.4 antibodies were RE1 for the light chain and KOL for the heavy chain. 

Three genes were built, the first of which contained 23, 24, 48, 49. 71 and 73 teH341(6)) as murine 
residues. The second gene also had 75 and 88 as murine roskJues [gH341(a)l vrhile the third gene 
additionally had 68. 69. 75 and 88 as murine residues [gH341(l0)l. Each was co-expressed with gL221. the 
minimum grafted light chain (CDRs only). The oL22l/gH34l(6) and gL22l/gH341(8) antibodies both bound 
as well to TNF as murine 61E71, The gL221/gH34l(l0) anUbody dkJ not express and this combinatkxn was 
not taken further. 

Subsequently the gL22l/gH34l(6) antibody was assessed in an L929 cell competition assay in which the 
antibody competes against the TNF receptor on L929 cells for binding to TNF in solution. In this assay the 
gL221/gH34l(6) antibody was approximately 10% as active as murine 61E71. 

hTNFI 

hTNFI is a monoclonal antibody which recognises an epitope on human TNF- . The EU hunrwn 
framework was used for CDR-grafUng of both the heavy and light variable domains. 

Heavy Chain 

In the CDR-grafted heavy chain (ghTNFl) mouse CDRs were used at positions 26-35 (CDRI). 50^ 
(CDR2) and 95-102 (CDR3). Mouse residues were also used In the frameworks al positiorts 4a 67, 69. 71, 
73. 76. 89. 91. 94 and 108. Comparison of the TNF1 mouse and EU human heavy chain reskJues reveals 
that these are ktentical at positions 23, 24. 29 arxt 78. 
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Light Chain 

In the CDR-grafted Ught chain (gLhTNFI) mouse CDRs wre used al positions 24-34 (C0R1). 50-56 
(CDR2) and 89-97 (CDR3). In addition mouse residues were used in the frameworks aJ positions 3, 42, 4a. 
49, 83. 106 arvJ 108. Comparison of the hTNFI mouse and EU human Dght chain residues reveab that 
these are identical at positions 46, 58 and 71. 

The grafted hTNFl heavy chain was co-expressed with the chimeric fight chain and the binding ability 
of the product compared with that of the chimeric light chainArfwmeric heavy chain product in a TNF binding 
assay. The grafted heavy chain product appeared to have binding ability for TNF slightly better than the 
fully chimeric product 

Similarly, a grafted heavy chain/grafted Dght chain product was co-expressed and compared with the 
fully chirrwric product and found to have closely similar binding properties to the latter product 

hTNFS 

hTNF3 recognises an epitope on human TNF^a. The sequence of hTNF3 shows only 21 differences 
compared to 61E71 in the light and heavy chain variable regions. 10 in the light chain (2 in the CDRs at 
positions 50. 96 and 8 in the framework at 1. 19. 40. 45. 46. 76. 103 and 106) and 11 in the heavy chain (3 
in the COR regions at positions 52, 60 and 95 and 8 in the framework at 1, 10. 38, 40. 67. 73, 87 and 105). 
The light and heavy chains of the 61E71 and hTNF3 chimeric antibodies can be exchanged without toss of 
activity in the direct binding assay. However 61E71 ts an order of magnitude less able to compete with the 
TNF receptor on L929 celto for TNF-a compared to hTNF3. Based on the 61E71 CDR grafting data gl-221 
and gH341( + 23. 24, 48, 49 71 and 73 as mouse) genes have been built for hTNF3 and tested and the 
resultant gratted antibody binds well to TNF-a. but competes very poorly In the L929 assay. K is possible 
that in this case also the framework residues identified for 0KT3 programme may improve the competitive 
binding ability of this antibody. 

101.4 

101.4 is a further murine monoclonal antibody able to recognise human TNF-a. The heavy chain o* this 
antibody shows good honrx)k)gy to KOL and so the CDR-grafting has been based on REl tor the light chain 
and KOL for the heavy chain. Several grafted heavy chain genes have been constructed with consenrative 
choices for the CDR's (gH34l) and which have one or a small number of non-CDR residues at positions 73, 
78 or 77-79 inclusive, as the nrwuse amino acids. These have been co-expressed with cL or gL221. In all 
cases binding to TNF equivalent to the chimeric antibody is seen and when co-expressed with cL the 
resuKant antibodies are able to compete well in the L929 assay. However, with gl^l the resultant 
antibodies are at least an order of magnitude less able to compete for TNF against the TNF receptor on 
L929 cells. 

Pwtouse residues at other positions in the heavy chain, for example, at 23 and 24 together or at 76 have 
been demonstrated to provide no improvement to the competitive ability of the grafted antibody in the L929 
assay. 

A number of other antibodies including antibodies having specificity for interleukins e.g. IL1 and cancer 
markers such as carcinoembryonic antigen (CEA) e.g. the monoctonal antibody A5B7 (rof. 21), have been 
successfully CDR-grafted according to the present invention. 

It will be appreciated that the foregoing examples are given by way of illuslralion only and are not intended 
to limit the scope of the claimed invention. Changes and modincations may be made to the methods 
described vrtiilsl still falling within the spirit and scope of the invention. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: CELLTECH LIMITED 

(B) STREET: 216 BATH ROAD 

(C) CITY: SLOUGH 

(D) STATE: BERKSHIRE 

(£) COUNTRY: UNITED KINGDOM 
(P) POSTAL CODE (2IP} : SLl 4 EN 
tG) TELEPHONE: 0753 S34655 

(H) TELEFAX: 0753 53663J 

(I) TELEX: 846473 

(li) TITLE OF INVENTION: HUMANISED ANTIBODIES 

(iii) NUMBER OF SEQUENCES: 33 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 
<B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release 01.0, Version 

(EPO) 



(2} INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 
(C> STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: l: 

TCCACATCTT AACTCCTCAC 
20 

(2] INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

CACGGGCCAC TCGATGCATA GAC 
23 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 aalno acids 

(B) TYPE: aaino acid 



28 



EP 0 620 276 A1 



(C) STRANDEDNESS: single 

(D) TOPOLOGY: lineac 

(ii) MOLECULE TYPE: protein 
£v) FRAGMEKT TYPE: Internal 



(xi) SEQUENCE DESCRIPTIOM: SEQ ID NO: 3: 

Leu Glu lie Asn Arg Thr Val Ala Ala 

1 S 

(2) INPORKATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS; 

<A) LENGTH: 94 3 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

GAATTCCCAA AGACAAAATG GATTTTCAAG TCCAGATTTT CAGCTTCCTC CTAATCAGTG 
60 

CCTCAGTCAT AATATCCAGA GGACAAATTG TTCTCACCCA GTCTCCAGCA ATCATCTCTC 
130 

CATCTCCACC CGAGAAGGTC ACCATCACCT GCACTGCCAG CTCAAGTGTA ACTTACATCA 
180 

ACTGGTACCA GCAGAACTCA GCCACCTCCC CCAAAACATC GATTTATGAC ACATCCAAAC 
240 

TCGCrrCTCG AGTCCCTGCT CACTTCAGGG CCACTGGGTC TCGCACCTCT TACTCTCTCA 
300 

CAATCACCCC CATCGACGCT GAAGATGCTG CCACTTArTA CTGCCAGCAG TCGACTAGTA 
360 

ACCCATTCAC CTTCGCCTCG CGGACAAAGT TGGAAATAAA CCGGGCTCAT ACTGCACCAA 
420 

CTGTATCCAT CTTCCCACCA TCCAGTGAGC AGTTAACATC TCCACCTCCC TCACTCGTGT 
460 

GCTTCTTGAA CAACTTCTAC CCCAAAGACA TCAATGTCAA GTCGAACATT CATCCCACTC 
540 

AACCACAAAA TGCCGTCCTG AACAGTTCGA CTCATCAGCA CACCAAACAC ACCACCTACA 
600 

GCATCAGCAG CACCCTCACG TTCACCAAGG ACGAGTATCA ACCACATAAC ACCTATACCT 

660 

GTGAGGCCAC TCACAAGACA TCAACTTCAC CCATTCTCAA GACCTTCAAC AGGAATCACT 
720 

GTTACACACA XAGGTCCTGA CACCCCACCA CCAGCTCCCA CCTCCATCCT ATCTTCCCTT 
780 
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CTAAGCTCTT CCACGCTTCC CCACAACCGC TTACCACTCT TCCCCTCCTC TAAACCTCCT 84 0 

CCCACCTCCT TCTCCTCCTC CTCCCTTTCC TTGCCTTTTA TXAltlCTAAT ATTTGCAt^ 900 

AATATTCAAT AAACTGACTC TTTGCCTTGA AAAAAAAAAA AAA 943 
(2) INFORMATIOH FOR SEQ ID HO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LEKGTH: 23 3 anlno acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLCXJY: linear 

(ii) MOLECULE TYPE: protein 



_ (Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Met Asp Phe Val He Phe Ser Phe Leu Leu Il» Sar Ala Ser Val He 
15 10 15 

IlG Ser Arg Gly Gin He Val Leu Thr Gin Ser Pro Ala lie Met Ser 
X 20 25 30 

Ala Ser Pro Gly Glu Lys Val Thr Met Thr Cys Ser Ala Ser Ser Ser 
35 40 45 



Val Ser Tyr Met Asn Trp Tyr Gin Gin Lys Ser Cly Thr Ser Pro Lye 
50 55 60 

Arg Trp He Tyr Asp Thr Ser Lys Leu Ala Ser Cly Val Pro Ala Ris 
65 70 75 80 

Phe Arg Cly Ser Cly Ser Gly Thr Ser Tyr Ser Leu Thr He Ser Gly 
85 90 95 

Met Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Gin Gin Trp Ser Ser 
100 105 110 

Asn Pro Phe Thr Phe Gly Ser Gly Thr Lys Leu Glu He Asn Arg Ala 
115 120 125 

Asp Thr Ala Pro Thr Val Ser He Phe Pro Pro Ser Ser Glu Gin Leu 
130 135 140 

Thr Ser Gly Cly Ala Ser Val Val Cye Phe Leu Asn Asn Phe Tyr Pro 
145 150 155 160 

40 Lya Asp Ho Asn Val Lys Trp Lys He Asp Cly Ser Glu Arg Gin Asn 

165 170 175 

Cly Val Leu Asn Ser Trp Thr Asp Gin Asp Ser Lys Asp Ser Thr Tyr 
180 185 190 



35 



30 



36 



45 



Ser Met Ser Ser Thr Leu Thr Leu Thr Lys Asp Glu Tyr Glu Arg His 
195 200 205 

Asn Ser Tyr Thr Cys Glu Ala Thr His Lys Thr Ser Thr Ser Pro He 

210 215 220 

Val Lys ser Phe Asn Arg Asn Glu Cys 
50 225 230 

(2) INFORMATIOH FOR SEQ ID NO: 6: 



55 



30 



to 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1570 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDHESS: single 

(D) TOPOLOGY: linear 

(il) MOLEcm-E TYPE: cDHA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

CAATTCCCCT CTCCACAGAC ACTCAAAACT CTGACTCAAC ATGCAAAGCC ACTGGATCTT 60 

TCTACTCCTC TTCTCACTAA CTCCACGTCT CCACTCCCAC CTCCACCTGC ACCACTCTGC 130 

CGCTGAACTG GCAAGACCTG GCGCCTCAGT GAACATGTCC TCCAACCCTT CTCCCTACAC 180 

CTTTACTACG TACACGATCC ACTGGGTAAA ACACAGGCCT CCACACCGTC TCGAATGGAT 240 

TCCATACATT AATCCTACCC GTCGTTATAC TAATTACAAT CAGAACTTCA ACGACAAGCC 300 

CACATTCACT ACAGACAAAT CCTCCAGCAC AGCCTACATC CAACTCAGCA CCCTCACATC 360 

TCACGACTCT CCAGTCTATT ACTGTGCAAG ATATTATCAT GATCATTACT GCCTTGACTA 420 

CTCGGCCCAA CCCACCACTC TCACACTCTC CTCACCCAAA ACAACACCCC CATCCCTCTA 400 

TCCACTGGCC CCTGTGTGTG GAGATACAAC TGGCTCCTCC CTCACTCTAG GATCCCTCGT 540 

CAACGGTTAT TTCCCTGACC CACTCACCTT CACCTCGAAC TCTGGATCCC TGTCCACTGC 600 

TGTGCACACC TrCCCAGCTG TCCTGCAGTC TGACCTCTAC ACCCTCACCA GCTCACTGAC 660 

TGTAACCTCG AGCACCTGGC CCACCCAGTC CATCACCTCC AATCTCCCCC ACCCCCCAAG 720 

CAGCACCAAG GTGCACAAGA AAATTGAGCC CAGAGCGCCC ACAATCAAGC CCTCTCCTCC 780 

^ ATGCAAATCC CCAGCACCTA ACCTCTTCGC TGGACCATCC GTCTTCATCT TCCCTCCAAA 840 

CATCAAGGAT GTACTCATGA TCTCCCTCAC CCCCATAGTC ACATCTCTGC TCCTCCATGT 900 

GAGCGACCAT CACCCAGATG TCCAGATCAG CTGGTTTGTG AACAACCTGG AAGTACACAC 960 

36 ACCTCAGACA CAAACCCATA GAGAGGATTA CAACAGTACT CTCCCGCTCC TCACTGCCCT 1020 

CCCCATCCAC CACCACGACT CCATCACTCC CAACCACTTC AAATCCAAGG TCAACAACAA 1080 

ACACCTCCCA CCCCCCATCC ACAGAACCAT CTCAAAACCC AAAGCGTCAC TAACACCTCC 1140 

ACACGTATAT CTCTTCCCTC CACCACAAGA AGAGATGACT AAGAAACACG TCACTCTGAC 1200 

CTGCATGGTC ACAGACTTCA TGCCTCAACA CATrTACCTG CACTCCACCA ACAACCGGAA 1260 

AACACAGCTA AACTACAACA ACACTCAACC ACTCCTGCAC TCTCATGCTT CTTACTTCAT 1330 

CTACACCAAC CTGACACTCC AAAAGAAGAA CTGCGTGGAA ACAAATACCT ACTCCTCTTC 1380 

ACTCCTCCAC CACGCTCTGC ACAATCACCA CACGACTAAC ACCTTCTCCC GCACTCCCCG 1440 

TAAATCAGCr CAGCACCCAC AAAACTCTCA GCTCCAAAGA CACACCCACA CTCATCTCCA ISOO 

TCCTTCCCTT CTATAAATAA ACCACCCAGC AATGCCTGCC ACCATCTAAA AAAAAAAAAA 1560 
» AAACCAATTC 

(2) INFORMATION FOR SEQ ID NO: 7: 



55 



40 



45 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 46B anino acids 

(B) TYPE: amino acid 

(C) STRAWDEDHESS: single 

(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Met Clu Arg His Trp Il« Phe Leu Leu Leu L«u Ser Val Thr Ala Cly 
15 10 15 

Val His Ser Gin Val Cln Leu Gin Cln Ser Gly Ala Clu Leu Ala Arg 
20 3S 30 

Pro Cly Ala Ser Val Lys Met Ser Cys Lys Ala Ser Cly Tyr Thr Phe 
35 40 45 

Thr Arg Tyr Thr Met His Trp Val Lys Cln Arg Pro Cly Gin Gly Lou 
50 55 60 

Glu Trp lie Gly Tyr lie Asn Pro Ser Arg Cly Tyr Thr Asn Tyr Asn 
65 70 75 80 

Cln Lys Phe Lys Asp Lys Ala Thr Leu Thr Thr Asp Lys Ser Ser Ser 
85 90 95 

Thr Ala Tyr Met Cln Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val 
100 105 110 

Tyr Tyr cys Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp 
115 120 125 

Cly Cln Cly Thr Thr Leu Thr Val ser Ser Ala Lys Thr Thr Ala Pro 
130 135 140 

Ser Val Tyr Pro Leu Ala Pro Val Cys Cly Asp Thr Thr Gly S«r Ser 
145 150 155 160 

Val Thr Leu Gly Cys Leu Val Lys Cly Tyr Phe Pro Glu Pro Val Thr 
165 170 175 

Leu Thr Trp Asn Ser Cly Ser Leu Ser Ser Cly Val His Thr Phe Pro 
180 185 190 

Ala Val Leu Cln Ser Asp Leu Tyr Thr Leu Ser Ser Ser Val Thr Val 
195 200 305 

Thr Ser Ser Thr Trp Pro Ser Gin Ser He Thr Cys Aan Val Ala Hia 
210 215 320 

Pro Ala Ser Ser Thr Lys Val Asp Lys Lys He Glu Pro Arg Cly Pro 
225 230 235 240 

Thr He Lys Pro Cys Pro Pro Cys Lys Cys Pro Ala Pro Asn Leu Leu 
245 250 255 

Cly Cly Pro Ser Val Phe He Phe Pro Pro Ly« He Lys Asp Val Leu 
260 265 270 

Met He Ser Leu Ser Pro He Val Thr Cys Val Val Val Asp Val Ser 
275 280 285 

Glu Asp Asp Pro Asp Val Cln He Ser Trp Phe Val Asn Asn Val Clu 
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290 295 300 

Val His Thr Ala Gin Thr Cln Thr His Arg Glil Asp^^^yr -Asn-Scr Thr 
305 310 2li 320 

S L«u Arg Val Val Ser Ala Leu Pro lie Gin His Cln Asp Trp Met Ser 

335 330 335 

Cly Lys Clu Phe Lys Cys Lys Val Asn Asn Lys Asp Leu Pro Ala Pro 
340 345 350 

jQ lie Glu Arg Thr lie Ser Lye Pro Lys Cly Ser Val Arg Ala Pro Cln 

355 360 365 

Val Tyr Val L«u Pro Pro Pro Glu Glu Clu Met Thr Lys Lys Gin Val 
370 375 380 

Thr Leu Thr Cys Met Val Thr Asp Phe Met Pro Clu Asp lie Tyr Val 
15 385 390 395 400 

Clu Trp Thr Asn Asn Cly Lys Thr Clu Leu Asn Tyr Lys Aen Thr Glu 
405 410 415 



30 



25 



36 



45 



Pro Val Leu Asp Ser . Asp Cly Ser Tyr Phe Met Tyr Ser Lys Leu Arg 
420 425 430 

Val Glu Lys Lys Asn Trp Val Glu Arg Asn Ser Tyr Ser Cys Ser Val 
435 440 445 

Val His Clu Cly Leu His Asn His His Thr Thr Lys Ser Phe Ser Arg 
450 455 460 

Thr Pro Cly Lys 
4 65 



(2) IN70RMATI0H FOR SEQ ID HO: 8: 

30 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 107 amino acids 

(B) TYPE: amino acid 

(C) STRAHDEDHESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Gin lie Val Leu Thr Gin Ser Pro Ala He Met Ser Ala Ser Pro Cly 
40 1 5 10 15 

Clu Lys Val Thr Met Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met 
30 35 30 



Asn Trp Tyr Gin Cln Lys Ser Cly Thr Ser Pro Lys Arg Trp He Tyr 
35 40 45 

Asp Thr Ser Lys Leu Ala Ser Cly Val Pro Ala His Phe Arg Cly Ser 
50 55 60 

Gly Ser Cly Thr Ser Tyr Ser Leu Thr He Ser Cly Met Clu Ala Glu 
65 70 75 »0 

Asp Ala Ala Thr Tyr Tyr Cys Cln Cln Trp Sar Ser Asn Pro Phe Thr 
65 90 95 



95 
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Phe Cly Ser Gly Thr I*ys Leu Glu lie Asn Arg 
100 105 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: lOB amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ 10 NO: 9: 

Asp lie Gin Met Thr Gin Ser Pro Ser Ser Lou Ser Ala Ser Val Gly 
15 10 IS 

Asp Arg Val Thr He Thr Cys Gin Ala Ser Gin Asp He He Lys Tyr 
20 25 30 

Leu Asn Trp Tyr Gin Gin Thr Pro Cly Lys Ala Pro Lys Leu Leu He 
35 40 45 

Tyr Glu Ala Ser Asn Leu Cln Ala Gly Val Pro Ser Arg Phe Ser Gly 
50 55 60 

Ser Gly Ser Gly Thr Asp Tyr Thr Phe Thr He Ser Ser Leu Gin Pro 
65 70 75 80 

Glu Asp He Ala Thr Tyr Tyr Cys Cln Cln Tyr Gin Ser Leu Pro Tyr 
85 90 95 

Thr Phe Gly cln Gly Thr Lys Lau Gin He Thr Arg 
100 105 

(3) INFORMATION FOR SEQ ID NO: 10: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 119 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Cln Val Gin Leu Gin Gin Ser Gly Ala Clu Leu Ala Arg Pro Gly Ala 
15 10 IS 

Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Arg Tyr 
20 35 30 

Thr Met His Trp Val Lys Gin Arg Pro Cly Cln Gly Leu Glu Trp He 
35 40 45 

Gly Tyr He Asn Pro Ser Arg Cly Tyr Thr Asn Thr Asn Cln Lys Phe 
50 55 60 

Lys Asp Lys Ala Thr Leu Thr Thr Asp Lys Ser Ser Ser Thr Ala Tyr 
65 70 75 80 
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Mttt Cin Leu Ser Ser Leu Thr 5er CIu Asp S«r Ala Val Tyr Tyr Cys 
85 90 »5 

Ala Arg Tyr Tyr Asp Asp His Tyr -ry^ Leu Acp Tyr Trp Gly Cln Gly 
100 105 110 

Thr Thr Leu Thr Val Ser Ser 
115 

(2) IMFORMATIOH FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 126 anino acids 

(B) TYPE: anino acid 

(C) STRANOEDNESS: sinqle 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Gin Val Gin Leu Val Glu Ser Gly Cly Gly Val Val Cln Pro Gly Arg 
15 10 15 

Ser Leu Arg Leu Ser Cys Ser Ser Ser Gly Phe lie Phe Ser Ser Tyr 
20 25 30 

Ala Met Tyr Trp Val Arg Cln Ala Pro Cly Lys Gly Leu Glu Trp Val 
35 40 45 

Ala lie lie Trp Asp Asp Cly Ser Asp Gin His Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Phe 
65 70 75 80 

Leu Gin Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val Tyr Phe Cys 
65 90 95 

Ala Arg Asp Gly Gly His Gly Phe Cys Ser Ser Ala Ser Cys Phe Gly 
100 105 110 

Pro Asp Tyr Trp Gly Gin Gly Thr Pro Val Thr Val Ser Ser 
115 130 125 

(2 J INFORMATION FOR SEQ ID NO: 12: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 119 amino acids 

(B) TYPE: amino acid 

(C) STRANOEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Gin Val Gin Leu Gin Gin Ser Gly Ala Glu Leu Ala Arg Pro Gly Ala 
1 5 10 15 

Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Arg Tyr 
20 25 30 
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10 



15 



20 



Thr Hat His Trp Val Lys Gin Arg Pro Gly Gin Cly Leu Glu frp II* 

35 40 43 

Gly Tyr Il« Asn Pro Set Arg Gly TytS Thr JCsn Tyr Aon GlTi Lys Phe 
50 55 60 

Lys Asp Lys Ala Thr Leu Thr Thr Asp Lya S«r Ser S«r Thr Ala Tyr 
65 70 75 80 

Met Gin Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys 
65 90 95 

Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Cly Cln Cly 
100 105 110 

Thr Thr Leu Thr Val Ser Ser 
115 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 119 amino acids 

(B) TYPE: amino acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Gin Val Gin Leu Val Glu Ser Gly Gly Gly Val Val Gin Pro Cly Arg 

1 5 10 . . 

Ser Leu Arg Leu Ser Cys Ser Ser Ser Cly Tyr Thr Phe Thr Arg Tyr 
30 20 25 30 

Thr Met His Trp Val Arg Gin Ala Pro Cly Lys Gly Leu Glu Trp Val 
35 40 45 

Ala Tyr lie Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Cln Lya Phe 
50 55 60 

Lys Asp Arg Phe Thr He Ser Arg Asp Asn Ser Lys Asn Thr Leu Phe 
65 70 75 80 

Leu Gin Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val Tyr Phe Cye 
85 90 95 

Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Cly Cln Cly 
100 105 110 

Thr Thr Leu Thr Val Ser Ser 
lis 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 119 amino acids 

(B) TYPE: amino acid 

(C) STRANDEONESS: single 
SO (D) TOPOLOGY: linear 

(li) MOLECULE TYPE: protein 
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(xi) SEQUENCE DESCRIPTION: SEQ 10 HO: 14: 

Gin Val Cln Leu Val Gin Ser GXy Gly Gly Vat Vsil -Gln Pico:i;iy Arg 
1 5 10 - 15 

Ser Leu Arg Leu Ser Cyc Lys Ala Ser Cly Tyr Thr Phe Thr hrq Tyr 

20 25 30 

Thr Met His Trp Val Arg Gin Ala Pro Cly Lys Cly Leu Glu Trp He 

35 40 45 

Gly Tyr He Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Gin Lys Val 
50 55 60 

Lys Asp Arg Phe Thr He Ser Thr Asp Lys Ser Lys Ser Thr Ala Phe 
65 70 75 80 

Leu Gin Mot Asp Ser Leu Arg Pro Clu Asp Thr Ala Val Tyr Tyr Cys 
75 8 5 9 0 95 

Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Cly cln Cly 

100 105 110 



70 



20 



35 



40 



Thr Thr Leu Thr Val Ser Ser 
lis 

(2) INFORKATION FOR SEQ ID NO: 15: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 119 amino acids 

(B) TYPE: amino acid 

25 (C) STRANDEDNESS: single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: protein 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Gin Val Gin Leu Val Gin Ser Cly Gly Cly Val Val Gin Pro Gly Arg 
IS 10 15 

Ser Leu Arg Leu Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Arg Tyr 
20 25 30 

Thr Met His Trp Val Arg Cln Ala Pro Gly Lys Cly Leu Clu Trp He 
35 40 45 

Cly Tyr He Asn Pro Ser Arg cly Tyr Thr Asn Tyr Asn Gin Lys Val 
50 55 60 

Lys Asp Arg Phe Thr He Ser Thr Asp Lys Ser Lys Ser Thr Ala Phe 
65 70 75 BO 

Leu Cln Met Asp Ser Leu Arg Pro Glu Asp Thr Cly Val Tyr Phe cys 
85 90 95 

^ Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Cly Cln Cly 

100 105 110 

Thr Thr Leu Thr Val Ser Ser 

lis 

50 (2) INPORMATION FOR SEQ 10 NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 119 aaino acids 

(B) TYPE: atDino acid 

(C) STRANDEDHESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 161 

to Cln Val Gin Leu val Gin Ser Cly Cly Cly Val Val Gin Pro Cly Arg 

15 10 15 

Ser Leu Arg Leu Ser Cys Lys Ala Ser Cly Tyr Thr Phe Thr Xrg Tyr 
20 25 30 



15 



Thr Met His Trp Val Arg Cln Ala Pro Cly Lys Gly Leu Glu Trp lie 
35 AO 45 

GXy Tyr lie Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Gin Lys val 
50 55 60 

Lys Asp Arg Phe Thr lie Ser Thr Asp Lys Ser Lys Asn Thr Ala Phe 
20 65 70 75 80 

Leu Cln Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val Tyr Phe Cy» 
85 90 95 



25 



Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Cly Gin Cly 
100 105 110 

Thr Thr Leu Thr Val Ser Ser 
115 

(2) INFORMATION FOR SEQ ID NO: 17: 

30 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 119 amino acids 

(B) TYPE: amino acid 

(C) STRANDEONESS : single 

(D) TOPOLOGY: linear 

^ (ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Cln Val Gin Leu Val cln Ser Gly Cly Gly Val Val Cln Pro Gly Arg 
15 10 15 

Ser Leu Arg Leu Ser Cys Lys Ala Ser Cly Tyr Thr Phe Thr Arg Tyr 
20 25 30 



45 



SO 



Thr Met His Trp Val Arg Cln Ala Pro Cly Lys Cly Leu clu Trp lie 
35 40 45 

Cly Tyr He Asn Pro Ser Arg Cly Tyr Thr Asn Tyr Asn Cln Lye Val 
50 55 60 

Lys Asp Arg Phe Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Ala Phe 
65 70 75 80 

Leu Cln Met Asp Ser Leu Arg Pro Glu Asp Thr Cly Val Tyr Phe Cy» 
85 90 95 
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Ala Arq Tyr TVr Asp Asp His Tyr cys Leu Asp Tyr Trp Gly Gin Cly 
100 105 IVO 

Thr Thr L«u Thr Val Ser Ser 
115 

INPORMATION FOR SEQ ID NO: 18: 

(I) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 119 amino acids 

(B) TYPE: aaino acid 

(C) STRANDEDHESS: single 

(D) TOPOUOGV: linear 

(ii> MOLECULE TYPE: protein 



(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

Gin Val Gin Leu Val Gin Ser Cly Cly Cly Val Val Gin Pro Cly Arg 
1 5 10 15 

Ser Leu Arg Leu Ser Cys Lys Ala Ser Cly Tyr Thr Phe Thr Arg Tyr 
20 25 30 

Thr Met His Trp Val Arg Gin Ala Pro Cly Lys Cly Leu Glu Trp llm 
35 40 45 

Gly Tyr He Asn Pro Ser Arg Cly Tyr Thr Asn Tyr Asn Gin Lys Val 
50 55 60 

Lys Asp Arg Phe Thr He Ser Thr Asp Lys Ser Lys Asn Thr Leu Phe 
65 70 75 80 

Leu Gin Met Asp Ser Leu Arg Pro Glu Asp Thr Cly Val Tyr Phe Cys 

90 »5 



85 



Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Gly Gin Cly 
100 105 110 

Thr Thr Leu Thr Val Ser Ser 
115 

INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 119 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDHESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID KO: 19: 

Gin Val Gin Leu Val Gin Ser Cly Gly Gly Val Val Gin Pro Cly Arg 
1 5 10 15 

ser Leu Arg Leu Ser Cys Lys Ala Ser Cly Tyr Thr Phe Thr Ar^ Tyr 
20 25 30 

Thr Met His Trp Val Arg Cln Ala Pro Cly Lys Cly Leu Glu Trp lie 
35 *0 *5 
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Cly Tyr He Ksn Pro Ser Arg Cly Tyr Thr Aan Tyr Asn Cln Lys Val 

50 55 . 60 

Lys Asp Arg Phe Thr He Ser Arg Ksp. Asn der Lys Asn Thr Leu Phe 
65 70 75 80 

Lou Gin Met Asp Ser Leu Arg Pro Clu Asp Thr Cly Val Tyr Phe Cya 
85 90 95 

Ala Arg Tyr Tyr Asp Asp His Tyr Cy» Leu Asp Tyr Trp Cly Cln Cly 
100 105 110 

Thr Thr Leu Thr Val Ser Ser 
115 

INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 119 amino acids 

(B) TVPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TVPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

Gin Val Gin Leu Val Gin Ser Gly Cly Gly Val Val Gin Pro Cly Arg 
15 10 15 

Ser Leu Arg Leu Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Arg Tyr 
20 25 30 

Thr Met His Trp Val Arg Cln Ala Pro Cly Ly» Cly Leu Clu Trp val 
35 40 43 

Ala Tyr He Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Cln Lyc Phe 
50 55 60 

Lys Asp Arg Phe Thr He Ser Arg Asp Asn Ser Lys Asn Thr Leu Phe 
65 70 75 80 

Leu Gin Met Asp Ser Leu Arg Pro Clu Asp Thr Cly Val Tyr Phe Cy» 
85 90 95 

Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Cly Gin Gly 
100 105 110 

Thr Thr Leu Thr Val Ser Ser 
115 

INFORMATION PGR SEQ ID NO: 21: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 118 saino acids 

(B) TYPE: amino acid 

(C> STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 
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10 



Cln Val Gin Leu Val Gin S«r Cly Cly Cly Val Val Gin Pro Cly krq 
1 5 10 - , 15 

Ser Leu Arg Leu Ser Cys S«r Ala Set Ciy iyr Thr Pho 'Hir Aig Tyr 
2D 25 30 

Thr Met His Trp Val Arg Cln Ala Pro Cly Ly» cly Leu Clu Trp lie 
35 40 45 

Gly Tyr He Asn Pro Ser Arg Cly Tyr Thr Asn Tyr Asn Lys Val Lye 
SO 55 60 

Asp Arg Phe Thr He Ser Thr Asp Lys Ser Ly« Ser Thr Ala Phe Leu 
65 70 75 60 

Cln Net Asp Ser Leu Arg Pro Glu Asp Thr Ala Val Tyr Tyr Cys Ala 
85 90 95 

" Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Gly Cln Cly Thr 

100 105 110 

Thr Ijeu Thr Val Ser Ser 
115 

20 (2) IKFORHATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 116 anlno acids 

(B) TYPE: amino acid 

(C) STRAKDEDNESS: single 

(D) TOPOLOGV: linear 

25 

(Li) MOLECULE TYPE: protein 



(Xl) SEQUENCE DESCRIPTION: SCQ ID NO: 22: 

^ Cln Val Cln Leu Val Glu Ser Cly Cly Cly Val Val Cln Pro Cly Arg 

15 10 IS 

Ser Leu Arg Leu Ser Cys Ser Ala ser Gly Tyr Thr Phe Thr Arg Tyr 
20 25 30 

35 Thr Met His Trp Val Arg Cln Ala Pro Cly Lys Gly Leu Clu Trp He 

35 40 45 

Cly Tyr He Asn Pro Ser Arg Cly Tyr Thr Asn Tyr Asn Lys Val Lys 
' 50 55 60 

Asp Arg Phe Thr He Ser Thr Asp Lys Ser Lys Ser Thr Ala Phe Leu 
^ 65 70 75 aO 

Gin Het Asp Ser Leu Arg Pro Clu Asp Thr Ala Val Tyr Tyr Cys Ala 
89 90 95 

Arg Tyr Tyr Asp Asp His Tyr cys Leu Asp Tyr Trp Gly cln Gly Thr 
45 100 105 110 . 

Thr Leu Thr val Ser Ser 
115 

(2) INFORMATION FOR SEQ ID HO: 23: 

M (i) SEQUENCE CHARACTERISTICS: 

(A) length; 118 anino acids 
<B] TYPE: anino acid 
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(C) STFANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 

Gin val Gin Leu Val Glu Ser Cly Cly Cly Val Val Gin Pro Gly Xrg 

Ser Leu Arg Leu Ser Cys Ser Ser Ser Cly Tyr Thr Phe Thr Arg Tyr 
20 25 30 

Thr Met His Trp Val Xrg Cln Ala Pro Cly Lys Gly Leu CXu Trp lie 
35 40 45 

Cly Tyr lie Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Ly» val Ly« 

50 55 60 

ASP Arg phe Thr lie Ser Thr Asp Lys Ser Lys Ser Thr Ala Phe Leu 
65 70 75 80 

Gin Met Asp Ser Leu Arg Pro Glu Asp Thr Ala Val Tyr Tyr Cys Ala 
85 90 *5 

Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Cly Cln Cly Thr 
100 105 110 

Thr Leu Thr Val Ser Ser 
115 

INFORMATION FOR SEQ ID HO: 24: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 118 amino acids 
(B> TYPE: amino acid 

(C) STRANOEDNESS: single 

(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 

Cln Val Gin Leu Val Gin Ser Gly Cly Cly Val Val Cln Pro Cly Arg 
1 5 10 15 

Ser Leu Arg Leu Ser Cys Ser Ala Ser Cly Tyr Thr Phe Thr Arg Tyr 
20 25 30 

Thr Met His Trp Val Arg Cln Ala Pro Cly Lys Cly Leu Clu Trp He 
35 40 45 

Cly Tyr He Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Lys Val Lys 
50 55 60 

Asp Arg Phe Thr He Ser Thr Asp Lys Ser Lys Ser Thr Ala Phe Leu 

65 70 75 BO 

Gin Met Asp Ser Leu Arg Pro Glu Asp Thr Cly Val Tyr Phe Cys Ala 
85 90 95 

Arg Tyr Tyr Asp Asp His Tyr cys Leu Asp Tyr Trp Cly Cln Cly Thr 
100 105 110 
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Thr Leu Thr Val Ser ser 
115 

(2) INFORMATION FOR SEQ ID NO: 25: 

^ (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: IIB amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

10 (ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 

Gin Val Gin Leu Val Glu Ser Gly Gly Gly Val Val Gin Pro Gly Arg 
« 1 5 10 15 

Ser Leu Arg Leu Ser Cys Ser Ala Ser Cly Tyr Thr Phc Thr Arg Tyr 
20 25 30 

Thr Met His Trp Val Arg Gin Ala Pro Cly Lys Gly Leu Glu Trp lie 
70 35 40 45 

Gly Tyr He Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Ly« Val Ly» 

50 55 «0 

Asp Arg Phe Thr He Ser Thr Asp Lye Ser Lys Ser Thr Ala Ph« Leu 
65 70 75 80 

Gin Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val Tyr Phc Cys Ala 
85 90 95 

Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Gly Gin Cly Thr 
100 105 110 

30 

Thr Leu Thr Val Ser Ser 
115 

(2) INFORMATION FOR SEQ ID NO: 26: 

„ (i) SEQUENCE CHARACTERISTICS: 

^ (A) LENGTH: 118 anino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



25 



40 



45 



SO 



{LI) MOLECULE TYPE: protein 



(Xl) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

Gin Val Cln Leu Val Gin Ser Gly Cly Cly Val Val Cln Pro Gly Arg 
15 10 15 

Ser Leu Arg Leu Ser Cys Ser Ala Ser Cly Tyr Thr Phe Thr Xrg Tyr 
20 25 30 

Thr Met His Trp Val Arg Gin Ala Pro cly Ly» Cly Leu Glu Trp He 
35 40 45 

Cly Tyr He Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Lys Val Lys 
50 55 60 



»5 



43 



EP 0 620 276 A1 



Asp Arq Ph« Thr lie Ser Thr Asp Lys Ser LyB Asn Thr Ala Phe Leu 

65 70 7* ' r. 80 

Gin Met Asp Ser Leu Arg Pro Clu Asp Thr (Sly vil'Tyr Phe C>s Ala 
as 90 95 

Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr Trp Cly Gin Cly Thr 
100 105 110 

Thr Leu Thr Val Ser Ser 
115 

(2) INFORMATION FOR SEQ ID KO: 27: 

(t) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 126 aaino acids 

(B) TYPE: avino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



20 (xi) SEQUENCE DESCRIPTION: SEQ ID HO: 27: 

Gin val Gin Leu Val Glu Ser Gly Gly Gly Val Val Gin Pro Gly Arg 
15 10 15 

Ser Leu Arg Leu Ser Cys Ser Ser Ser Gly Phe lie Phe Ser Ser Tyr 
20 25 30 



15 



25 



50 



Ala Met Tyr Trp Val Arg Gin Ala Pro Gly Lys Cly Leu Glu Trp Val 
35 40 45 

Ala He He Trp Asp Asp Cly Ser Asp Gin His Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ser Lys Asn Thr Leu Phe 
65 70 75 BO 

Leu Gin Met Asp Ser Leu Arg Pro Glu Asp Thr Cly Val Tyr Phe Cy» 
85 90 95 

Ala Arg Asp Gly Cly His Gly Phe Cys Ser Ser Ala Ser Cys Phe Gly 
100 105 110 

Pro Asp Tyr Trp Gly Gin Gly Thr Pro Val Thr val Ser Ser 
115 120 125 

(2) IHFORMATIOH FOR SEQ ID HO: 28: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 107 amino acids 

(B) TYPE: anino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID KO: 28: 

Gin He Val Leu Thr Gin Ser Pro Ala Ho Met Ser Ala Ser Pro Gly 
15 10 15 
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IS 



25 



30 



Clu Lys Val Thr Met Thr Cys Ser Ala Ser Ser Ser VbI Ser Tyr Met 
20 25 30 

Asn Trp Tyr Cln Gin Lys Ser Cly Thr Ser Pro Lys Aig Tip lie Tyr 
35 *0 45 

Asp Thr Ser Lys Leu Ala Ser Gly Val Pro Ala His Pho Arg Gly Ser 
50 55 60 

Gly Ser Gly Thr Ser Tyr Ser Leu Thr lie Ser Cly Met Glu Ale Clu 
65 70 75 80 

Asp Ala Ala Thr Tyr Tyr Cys Gin Cln Trp Ser Ser Asn Pro Pho Thr 
85 90 95 

Phe Cly Ser Cly Thr Lys Leu Glu lie Asn Arg 
100 105 

(2) INFORMATION FOR SEQ ID KO: 29: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 107 amino acids 

(B) TYPE; amino acid 

(C) STRANDEDNESS: single 
20 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29: 

Asp lie Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Cly 
15 10 15 

Asp Arg Val Thr lie Thr Cys Ser Ala Ser Ser Ser val Ser Tyr Met 
20 25 30 

Asn Trp Tyr Gin Cln Thr Pro Gly Lys Ala Pro Lys Leu Leu lie Tyr 
35 40 45 

Asp Thr Ser Lys Leu Ala Ser Gly Val Pro Ser Arg Phe Ser Cly Ser 
50 55 60 

* Gly ser Cly Thr Asp Tyr Thr Phe Thr lie Ser Ser Leu Gin Pro Clu 

65 70 75 80 

ASP lie Ala Thr Tyr Tyr Cys Cln Cln Trp Ser Ser Asn Pro Phe Thr 
85 90 95 

40 Phe Gly Gin Gly Thr Lys Leu Gin lie Thr Arg 

100 105 

(2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 107 anino acids 
*5 (B) TYPE: amino acid 

(C) STRANOEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

50 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 



ss 
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Cln He Val Met Thr Cln Ser Pro Set Ser Lou Ser Ala Ser Val Cly 
- 1 • s 10 15 

Xsp Arg val Thr He Thr Cys Ser Ala Ser S«r Ser Val Ser Tyr Met 
' 20 25 30 

s 

Asn Trp Tyr Gin Cln Thr Pro Gly LyG Ala Pro Lys Arg Trp He Tyr 
35 40 45 

Asp Thr Ser Lys Leu Ala Ser Cly val Pro Ser Arg Phe Ser Cly Ser 
50 55 60 

to 

Gly Ser Cly Thr Asp Tyr Thr Phe Thr lie Ser Ser Leu Cln Pro Glu 
65 70 75 BO 

Aep He Ala Thr Tyr Tyr Cys Cln Gin Trp Ser Ser Asn Pro Phe Thr 
85 90 95 

" Phe Cly Cln Gly Thr Lys Leu Gin He Thr Arg 

100 105 

{2) INFORMATION FOU SEQ ID NO: 31: 

(i) SEQUENCE CHARACTERISTICS: 
^ (A> LENGTH: 107 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



25 



40 



(11) MOLECULE TYPE: protein 



(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 

Cln He Val Met Thr Cln Ser Pro Ser Ser Leu Ser Ala Ser Val Cly 
15 10 15 

Asp Arg Val Thr He Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met 
20 25 30 

Asn Trp Tyr Gin Cln Thr Pro Cly Lys Ala Pro Lys Arg Trp He Tyr 
35 40 45 

Asp Thr Ser Lys Leu Ala Ser Gly Val Pro Ser Arg Phe Ser Cly Ser 
50 55 60 

Cly Ser Gly Thr Asp Tyr Thr Phe Thr He ser Ser Leu Gin Pro Glu 
65 70 75 80 

Asp He Ala Thr Tyr Tyr Cys Gin Gin Trp Ser Ser Asn Pro Phe Thr 
85 90 95 

Phe Cly Cln Cly Thr Lys Leu Gin Ha Thr Arg 
100 105 

*^ (2) INFORMATION FOR SEQ ID HO: 32: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 107 amino acids 

(B) TYPE; amino acid 

(C) STRANDEDNESS: single 
50 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



55 
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15 



SO 



30 



35 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32: 

Asp lie Gin Met Thr Gin Ser Pro Scr Ser I*eu S^r: Ala S'&r: V*-.! Gly 
1 S 10 It 

Asp Arg Val Thr lie Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met 
20 25 30 

Asn Trp Tyr Gin Cln Thr Pro Gly Lys Ala Pro Lys Arg Trp He Tyr 
35 40 45 

Asp Thr Ser Lys Leu Ala Ser Gly Val Pro Ser Arg Phe Ser Gly Ser 
50 55 60 

Gly Ser Gly Thr Asp Tyr Thr Phe Thr He Ser Ser Leu Cln Pro Glu 
65 70 75 80 

Asp He Ala Thr Tyr Tyr Cys Gin Gin Trp Ser Ser Asn Pro Phe Thr 
85 90 95 

Phe Gly Gin Gly Thr Lys Leu Gin He Thr Arg 
100 105 

(2) INFORMATION FOR SEQ ID NO: 33: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 108 amino acids 
25 (B) TVPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33: 

Asp He Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
15 10 15 

Asp Arg Val Thr He Thr Cys Gin Ala Ser Gin Asp He He Lys Tyr 
20 25 30 

Leu Asn Trp Tyr Gin Gin Thr Pro Gly Lys Ala Pro Lys Leu Leu Ho 
40 35 40 45 

Tyr Glu Ala Ser Asn Leu Gin Ala Gly Val Pro Ser Arg Phe Ser Gly 
50 55 60 

Ser Gly Ser Gly Thr Asp Tyr Thr Phe Thr He Ser Ser Lou Cln Pro 
« 65 70 75 80 

Glu Asp He Ala Thr Tyr Tyr Cys Gin Gin Tyr Gin Ser Leu Pro Tyr 
65 90 95 



so 



Thr Phe Gly Gin Gly Thr Lys Leu Gin He Thr Arg 
100 105 



Claims 

1. A CDR-oratted antibody heavy chain having a variable region don\ain comprising acceptor framewortt 
and donor antigen binding regions wherein the frameworic comprises donor residues at at least one ol 
positions 6. 23 and/or 24, 48 and/or 49. 71 and/or 73, 75 and/or 76 and/or 78 and 88 and/or 91 . 
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2. A CDR-graft8d heavy chain according to Claim 1 comprising donor residues al positions 23. 24, 48, 71 , 
73 and 78. or at positions 23. 24 and 49. 

3. A CDR-flrafted heavy chain according to Claim 2 composing donor residues at positions 2. 4, 6. 25, 36, 
37. 39, 47. 48, 93. 94. 103. 104. 106 and 107. 

4. A CDR-grafted heavy chain according to Claim 2 or 3, comprising donor residues at one, some or aH of 
positions: 

1 and 3. 

69 (if 48 is different between donor and acceptor). 

38 and 46 (if ^ 'S the donor residue). 

67. 

82 and 18 (if 67 is the donor residue). 
91, and 

any one or more of 9. 11. 41. 87. 108, 110 and 112. 

5. A CDR-grafted heavy chain according to any of the preceding comprising donor CDRs al positions 26- 

35. 50-65 and 95-100. 

6. A CDR-grafted antibody tight chain having a variable region domain comprising acceptor framework 
and donor antigen binding regions wherein the framework comprises dorxx residues at at least one of 
positions 1 and/or 3 and 46 and/or 47. 

7. A CDR-grafted light chain according to Claim 6 comprising donor residues at positions 46 and 47. 

a A CDR-grafted antibody light chain having a variable region domain comprising acceptor framework 
and donor antigen binding regions wherein the framework comprises donor residues at at least one of 
positions 46. 48. 58 and 71 . 

9. A CDR-grafted light chain according to Oaim 8 comprising donor residues at posittons 46. 48. 58 and 

71. 

10. A CDR-grafted light chain according to Claim 8 or 9. comprising donor residues at positions 2. 4, 6. 35. 

36, 38, 44, 47, 49, 62, 64-69, 85, 87, 98, 99. 101 and 102. 

11. A CDR-grafted light chain according to Claim 9 or 10. comprising donor residues at one. some or all of 
positions: 

1 and 3. 
63, 

60 (if 60 and 54 are able to form a potential sallbridge). 
70 (if 70 and 24 are able to form a potential saltbridge). 
73 and 21 fif 47 is different between donor and acceptor). 
37 and 45 Of 47 if different between donor and acceptor), and 
any one or more of 10. 12. 40. 83. 103 and 105. 

12. A CDR-grafted light chain according to any one of Claims 6-11. comprising donor CDRs at positions 
24-34. 50-56 and 89-97. 

13. A CDR-grafted antibody molecule comprising at least one CDR-grafted heavy chain according to any 
one of Oaims 1-5 and al least one CDR-grafted light chain according to any one of Claims 6-12. 

14. A CDR-grafted antibody molecule according to Oaim 13. which ts a site-specific antibody moiecule. 

15. A CDR-grafted antibody molecule according to Claim 13 whteh has specificity tor an Interieukin. 
hormone or other biologfcally activ© compound or a receptor therefor. 

16. A CDR-grafted antibody heavy or light chain or molecule according to any one ol the preceding claims 
comprising human acceptor residues and non-human donor residues. 
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17. A DNA sequence which codes tor a CDR-^frafted heavy chain according to Ctaim 1 or a CDR-grafled 
Dght chain according to Claim 6 or Claim 8. 

ia A cloning or expression vector containing a DNA sequence according to Claim 17. 

6 

Id. A host cell transformed with a DNA sequence according to Claim 17. 

2a A process for the production of a CDR-grafted antit)ody sequence according to Ctaim 17 in a 
transformed host cell. 

10 

21. A process for producing a CDR-grafted antibody product comprising: 

(a) producing in an expression vector an operon having a DNA sequence which encodes an antibody 
heavy chain according to Ctaim 1; 
and^or 

T5 (b) producing in an expression vector an operon having a DNA sequence which encodes a 

complementary antibody light chain according to Claim 6 or Claim 8; 

(c) transfecting a host cell with the or each vector; 
and 

(d) culturing the transfected cell line to produce the CDR-grattsd antibody product. 

20 

22. A therapeutic or diagnostic composition comprising a CDR-grafted antibody heavy chain according to 
Claim 1, or a CDR-grafted light chain according to Claim 6 or Ctaim 8. or a CDR-grafted antibody 
molecule according to Ctaim 13 in combination with a pharmaceutically acceptable carrier, diluent or 
excipient 

25 

23. A method of therapy or diagnosis comprising administering an effective amount of a CDR-grafted heavy 
cliain according to Claim 1, or a CDR-grafted light chain according to Claim 6 or Claim 8, or a CDR- 
grafted antibody molecule according to Claim 13 to a human or animal subject 
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1 GAATTCCCAA AGACAAAato oatMittgaaQ tQcaoatttt: caocttieeto 

51 ctaatcaotq ccteagtcat aat atccaga gga caaatta ttctcaccca 

101 gtctccagca atcatgtctg catctccagg ggagaaggtc accatgacct 

151 gca^tgccag ctcaagtgta agttacatga acrggtacca gcagaagtca 

201 ggcacctccc ccaaaagatg gatttatgac acatccaaac tggcttetgg 

.2 51 agtccctgct cacttcaggg gcagtgggtc tgggacctct tactctctca 

3 01 caatcagcgg catggaggct gaagatgctg ccacttatta ctgccagcag 

3 51 tggagtagta acccattcac gttcggetcg gggacaaagt tggaaataaa 

4 01 ccgggctgat actgcaccaa ctgtatccat cttcccacca tccagtgagc 
4 51 agttaacatc tggaggtgcc tcagtcgtgt gcttcttgaa caacttctac 
501 cccaaagaca tcaatgtcaa gtggaagatt gatggcagtg aacgacaaaa 
551 tggcgtcctg aacagttgga ctga^cagga cagcaaagac agcacctaca 
601 gcatgagcag caccctcacg ttgaccaagg acgagtatga acgacataac 
651 agctatacct gtgaggccac tcacaagaca tcaacttcac ccattgtcaa 
701 gagcttcaac aggaatgagt gtTAGACACA AAGCTCCTGA GACCCCACCA 
751 CCAGCTCCCA GCTCCATCCT ATCTTCCCTT CTAACCTCTT GGAGGCTTCC 
801 CCACAACCGC tTACCACTCT TGCCCTGCTC tAAACCTCCT CCCACCTCCT 
851 TCTCCTCCTC CTCCCTTTCC TTCCCTTTTA TCATCCTAAT ATTTCCAGAA 
901 AATATTCAAT AAAGTCAGTC TTTGCCTTGA AAAXAAAAAA AAA 

Fig. 1(a) 



1 MPFOVOTrsr LLISASVIIS RG OIVLTQSP AIMSASPCEK vtmtcsasss 

51 VSYKHWYQQX SGTSPKRWIY DTSKLASGVP AHFRGSCSCT SYSLTISGME 

101 ATDAATYYCQ OWSSNPFTFC SGTKLXINRA DTAPTVSIFP PSSEQLTSGG 

151 ASWCFLNNF YPKDINVKWK lOGSERQNGV LNSWTDQDSK DSTYSKSSTL 

201 TLTKDEYERH KSYTCEATKK TSTSPIVKSF NRKEC* 



Fig. Kb) 
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1 CAATTCCCCT CTCCACACAC ACTCAAAACT CTGACTCAAC ATGGAAAGGC 
51 ACTGGATCTT TCTACTCCTG TTGTCAGTAA CTGCAGGTGT CCACTCCCAC 
101 GTCCACCTGC AGCAGTCTGG GCCTGAACTC CCAACACCTC CCCCCTCACT 
151 GAAGATCTCC TGCAACGCTT CTCGCTACAC CTTTACTACC TACACCATGC 
201 ACTGGCTAAA ACACACCCCT CGACACCCTC TGCAATGGAT TGCATACATT 
251 AATCCTAGCC CTCCrTATAC TAATTACAAT CAGAAGTTCA AGGACAAGGC 
301 CACATTGACT ACAGACAAAT CCTCCACCAC AGCCTACATC CAACTCAGCA 
351 GCCTGACATC TGAGGACTCT CCAGTCTATT ACTGTGCAAG ATATTATGAT 
4 01 GATCATTACT CCCTTGACTA CTGGCCCCAA GCCACCACTC TCACAGTCTC 
4 51 CTCAGCCAAA ACAACAGCCC CATCGGTCTA TCCACTGGCC CCTCTGTCTG 
501 GAGATACAAC TGGCTCCTCC CTGACTCTAC GATGCCTGGT CAACGCTTAT 
551 TTCCCTGAGC CAGTGACCTT CACCTGCAAC TCTCGATCCC TCTCCAGTGG 
601 TGTGCACACC TTCCCAGCTG TCCTGCACTC TCACCTCTAC ACCCTCAGCA 
651 GCTCAGTGAC TGTAACCTCG AGCACCTGCC CCAGCCAGTC CATCACCTGC 
7 01 AATGTGGCCC ACCCGGCAAG CACCACCAAC GTGGACAAGA AAATTGACCC 
751 CAGAGGGCCC ACAATCAAGC CCTCTCCTCC ATCCAAATGC CCAGCACCTA 
801 ACCTCTTGGG TCGACCATCC CTCTTCATCT TCCCTCCAAA CATCAAGGAT 
851 GTACTCATGA TCTCCCTGAG CCCCATAGTC ACATCTGTGG TCGTGGATCT 
901 GAGCGAGGAT GACCCAGATG TCCAGATCAC CTCCrTTCTC AACAACCTGC 
951 AAGTACACAC AGCTCAGACA CAAACCCATA GACAGGATTA CAACAGTACT 
1001 CTCCGGGTGC TCACTCCCCT CCCCATCCAG CACCAGGACT CGATGAGTCG 
1051 CAAGCAGTTC AAATGCAAGG TCAACAACAA AGACCTCCCA GCCCCCATCG 
1101 AGAGAACCAT CTCAAAACCC AAACCGTCAG TAACAGCTCC ACAGGTATAT 
1151 GTCTTGCCTC CACCAGAAGA AGACATGACT AAGAAACAGC TCACTCTGAC 
1201 CTCCATGGTC ACAGACTTCA TGCCTGAACA CATTTACCTC CACTGGACCA 
1251 ACAACCGGAA AACAGAGCTA AACTACAAGA ACACTGAACC ACTCCTCCAC 
1301 TCTGATCCTT CTTACTTCAT CTACACCAAC CTGAGACTCC AAAACAACAA 
1351 CTGCCTCGAA AGAAATAGCT ACTCCTGTTC ACTCCTCCAC GACCCTCTGC 
1401 ACAATCACCA CACCACTAAG AGCTTCTCCC GGACTCCGGG TAAATCACCT 
14 51 CAGCACCCAC AAAACTCTCA GGTCCAAAGA GACACCCACA CTCATCTCCA 
1501 TCCTTCCCTT CTATAAATAA AGCACCCAGC AATGCCTGCC ACCATCTAAA 
1551 AAAAAAAAAA AAAGGAATTC 

Flg.2{a) 
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OKT 3 HEAVY CHAIK PROTEIN SEOVrwCE DEDUCED FROM DNA SEQUENCE 

1 MERHWIFLLL LSVTAGVHS Q VQLQQSGXEL ARPCASVKMS CKASGYTFTR 

51 YTKKWXQRP CQGLEWICYZ NP5RGYTKYN QKFXDKATLT T0XSS5TAYM 

101 QLSSLTSEDS AVYYCARYYD DHYCLDYWCQ CTTLTVSSAX TTAPSWPLA 

151 PVCCDTTGSS VTLGCLVKGY rPEPVTLTWN SCSLSSCVHT FPAVLQSDLY 

2 01 TLSSSVTVTS STWPSQSITC NVAHPASSTK VDKKIEPRCP TIKPCPPCKC 
251 PAPNLLGCPS VFIFPPKIKD VLMISLSPIV TCWVOVSED DPDVQISWFV 

3 01 KNVEVHTAQT QTHREOYNST LRWSALPIQ HQDWMSGKEF KCXVKNKDLP 

3 51 APIERTISKP KCSVRAPQVY VLPPPEEEMT KKQVTLTCHV TDFKPEDIYV 

4 03 EWTKNGKTEL NYKNTEPVLD SDGSYFMYSK LRVTKKKWVE RNSYSCSWH 
4 51 EGLHNHHTTK SFSRTPCK* 



Fig. 2(b) 



1 23 42 

NN N N N N 

RES TYPE SBspSPESssBSbSsSs5PSPSPsPSsse*s*p*Pi"ISsSe 
OktDvl QIVLTQSPAIMSASPCnCVTMTCSASS. SVSYKIfWYQOKSGT 

REI DIQMTQSPSSLSASVCDnVTITCQASQDIIKYLNWYQQJPGK 
? ? 

CDRl (LOOP) ******* 
CDRl (KABAT) ••****•***• 



56 85 

N KN 

RES TYPE *IsiPpIeesesss5BEsePsPSBSSEsPspsPsseesSPePb 
0)Ct3vl SPKRWIYDTSKLASGVPAgFBGSGSGTSYSLTISfiMEAEDAAT 
REI APKIXIYEASNLQACVPSRFSGSGSGTDrrZTISSLQPEDlAT 
? ?? ? ? 

******* CDR2 (WX)P/KABAT) 



102 108 

RES TYPE PiPIPies**iPIIsPPS?SPSS 
Okt3vl YYCQQWSSKPFTFG£CTKLEI1JR 
REIvl YYCQQYQSLPYTFCQCTKIiQIIR 



Fig. 3 



CDR3 (LOOP) 
CRD3 (KABAT) 
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NN N 23 26 32 35 N39 43 

RES TYPE SESP6*SBS5S*sSSsSpSpSPsPS£bSBssBePiPIpi«SSS 
0)Ct3h QVQLQQSGAELMPGASVKHSCXASCYTrrRYTKHWVKQRPCQ 
KOL fiVQLVESCGCyVQPCESLRLSCfifiSGFirSSYAKYWVRQAPGK 
? ?? 

****«« CDRI (LOOP) 
***** CDRI (KABAT) 



52a 60 65 N K H 82abc 89 

RES TYPE llelppp'ssssssss'ps'pSSsbSpseSsSscSp'pSpsSBssS'ePb 
Okt3vh GLEWICYINPSBGYTNTNQKnCCKATLTTDKSSSTAYMQLSSLTSEOSAV 
KOL GLEWftllWDDGSDQHYADSVKGRFTISRDliSKNTLILQMDSLREEDTfiV 
?? ? ? ? ? ? 

************ CDR2 (LOOP) 

******************* CDR2 (KABAT) 



92 N 107 il3 

RES TYPE PiPIEissssiiisssbibi*EIPIP*spSBSS 

Okt3vh YYCARYYDDHY CLDYWCQGTTLTVSS 

KOL V£CARDGGHCrCSSASCFGPDYWGQGTEVTVSS 

***************** CRD3 (KABAT/LOOP) 

Fig. A 
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OKT 3 HEAVY CHAIN CDR GRATTS 

1. gh341 and derivatives 

^ 26 35 39 43 

Okt3vh QVQLQQSGAEIJ^GAS%nCMSCKASCyTFTRYTMKWVKQRPGO 
gH34 1 QVQLVESGCGWQPGRSlJaSCSSSmmIIllHW^^Q^^C^ 
gH3 4 1 A QVQLVgSCCGWQPGRSLRLSClCAggYTrrPYraHWVROAPCK 

gH3 4 IE QVQLVgSCGCVVQPGRSLRLSCKASgYTmYIMHWVROAPGK 

gH 3 4 1 * OVQLV2SGGGWQPGRSIJU.SC]iASOYT]TPY33g^^Q^g^ 

gH3 4 1 * QVQLVgSGGGWQPGRSUaSqCAf^gYTmYTKHWVRQAPGX 

gH3 41D QVQLVgSGGCWQPGRSUU.Sq:^^rfYTmYTHHWVRQAPGK 

gH34 1* QV0LV2SGGGWQPGRSUU.SC£ASGriXEBmHWVRQAPGK 

gH341C QVQLVgSGGCWQPGRSIJ^CHf^gYTrrPYTWHWVROAPCK 



JA178 
JA1B5 

JA198 
JA207 
JA209 
JA197 
JA199 
JA184 



JA203 
JA2 05 
JA183 
JA2 04 



gH341* QVQLVgSGGGWQPGRSLRLSCS^pgYTrrPYTMHWVRQ^PCK 

gH341* QVQLVESGGGWQPGRSLRLSCS^SgYTrTRYIHHWVRQAPCK 

gH34 IB QVQLVESGGCWQPGRSXJg^CSSffQYTmYTTtfHWRQAPCK 

gH3 4 1 * QVQLVfiSGCCWQPGRSUU^CS^SmmmHWVRQAPCK 

gH3 4 1 * 0VQLVESCGGVVQPGRSIJaSCSAf7riYTmYT«HWVRQAPCK JA2 06 

gH341* QVQLVfiSGGGWQPGRSUU^CS^ciOYTFTPYTWHWVRQAPCX JA208 

KOL QVQLVESCCCWQPGRSLRrSCSSSGFirSSYAMyWVRQAPCK 

Fig.5(i) 
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44 50 «5 83 

0)ct3vh GLEWICYINPSPGYTHYNQKrKDKATLTTDKSSSTAYMQLSSLT 
gK341 ftT.TW& VTMPSPGYTWYWOyrKD RmSRDKSKHTLrLQHDSLR JA17fi 
gK3 41A r.T.TV JfiVTWPSRGYTKYNQKV YDRFTISTDKSKSTArLQMDSLR JA185 



gH341E CT.rw jnVTWPSPGYTWYNOK VKDRrriSTDySKSTArLQMDSLR JA19B 

gH341* CT.gW ^ftVTMPSRCYTNYNOKV KDRmSTDKSKWT&FLQMDSLR JA207 

gH3 41* Cl.gW ^VTWP5RGYTMYN0K VKDRrriSRDWSKKTArLQMDSLR JA209 

gH341D GLEW ^YINPSRGYTNYWQKV yPRmSTDKSKNTLrLQHDSLR JA197 

gH341* CLFW JCYTNPSRGYTNYNOKV yDRrriSRDHSKNTLTLQMDSLR JA199 

gH341C r.T.rwVA VTNPgRGYTKYWOyFXD RJTISRDKSKNTLrLQMDSLR JA184 



gH341* CT.rw j;^YTNPSRGYTKYKOK VKDRrriSTDKSKSTArLQMDSLR JA207 

gH3 41* CT^rw jG Y TKPSPGYTHYNOXV yDRFTI 5TDKSKST&FLQMDSLR JA205 

gH3 41B ftT.rujn YTW^^^'GYTNYNOKV KDRrriSXDySKSTArLQMDSLR JA183 

gH341* cT.TO ;;GYTWPSRGYTWYWOK VKDRrriSTDySKSTAFLQKDSLR JA204 

gH341* r.T.rw jGYTWPSRGYTNYKOK VKDRrriSTDKSKSTArLQMDSLR JA206 

gH3 41* CT.rw jgYTWPSRGYTWYNOK VKDRmSTDlCSKWTArLQMDSLR JA208 

KOL Cl.IWAIIWDDGSDQHYADS\'KGRmSRDNSKNTLFLQMDSLR 



Fig.5(ii) 
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o4 95 




1D2 113 






f» P «\ ^ % 1 v# /4 & ^ w n r\u v 




• • CX<DlwCwCnXTVS5 




9H34 1 


T^Pf^^v^^v rvr ^ Ik \l \J 




Yw G QCTTLTV S S 


JA176 


gH34 lA 






t t CLDYWGQGTTLTVSS 


JA185 


gH341Z 


PZDTGVYFCARYYDDHY 




• t CW)YWCQCTTLTVSS 


JA198 


gH3<l* 






, . TTIJYWGQCrrLTVSS 


JA207 


gH3410 


PEDTCVYFCARYYDDHY 




, , CTrDYWCQCTTLTVSS 


JA197 


gH341* 






, .CLDYWCQGTTLTVSS 


JA209 


gH341* 


PEDTGVYFCARYYDDHY 




, .CLDYWGOGTTLTVSS 


JA199 


gH341C 


PEDTCVYFCARYYODHY 




1 • CLDYWCQGTTLTVSS 


JA164 


gH341* 


PEDT^VY^CARYYDDHY 




, .^DYWGQGTTLTVSS 


JA203 


gH341* 


PEDTftVYXCARYYDDHY.... 




1 iCl^YWGQGTTLTVSS 


JA205 


gH341B 


PEDT^VYXCARYYDDHY 




, .CtDYMGQCTTLTVSS 


JA183 


gH341* 


PEDTCVYFCARYYDDHY. . . 




, .CiDYWCQCTTLTVSS 


JA204 


gH341* 


PEDTCVYFCARYYDDHY. . . 




, .CLDYWGOCrTLTVSS 


JA206 


gH341* 


PEDTGVYFCARYYDDHY. . . 




1 iCLDTTMCQCTTLTVSS 


JA208 



KOL PEDTGVYFCARDCGHCFCSSASCrCPDYWCOCTPVTVSS 



Fig. 5(iii) 
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0KT3 LIGHT CHAIN CDR CRAmNC 
1, gL221 and derivatives 

1 24 34 42 

QTVLTQSPAIMSXSPCEKVTHTCSASS . SVSYMNWYQQKSCT 
DIQMTQSPSSI^ASVGDRVTITC£AS5.*5SS3QflWVQOTPGK 
2IYHTQSPSSI^ASVGDRVTITC£AS£,^VSafl!WyQQTPCK 
2Ii>rrQSPSSl^ASVGDRVTITCSAS£xS:£IiSIiWVQQTPCK 
DlQKTQSPSSI^ASVGDRVTITC£AS£x£VS2fliWVQQTPGX 
DIQMTQSPSSLSASVCDRVTITCQASQDIIKYLKWYQQTPGK 

43 50 56 85 

SPKRWIYDTSKIASCVPAHFRCSCSGTSYSLTISCKEAEDAAT 
APKLLIYfilSKIASGVPSRrSGSCSCTDYTFTISSLQPEDIAT 
a.PV^TY DTSiaAS GVPSRFSGSGSCTDYTmSSLQPEDIAT 
APK£WIYDlS]SL^GVPSRFSGSGSCTDYTmSSLQPEDIAT 
APy^IY DTSKLAS GVPSRrSGSGSGTDYTFTISSLQPEDIAT 
APKLLIYEASKLQAGVPSRrSGSCSCTDYTFTISSLQPEDIAT 

86 91 96 108 

0)ct3vl YYCQQWSSNPFTFCSGTKLEINR 

gL2 2 1 VVg g^OWSSNPFT FCQGTKLQITR 

gL2 2 lA YVg QOWSSWPr rrCQCTKLQITR 
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